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INTRODUCTION 

Our o v e r a l l  o b j e c t i v e  remains t o  increase  our  bas i c  knowledge of  t h e  
poss ib l e  de t r imenta l  e f f e c t s ,  i f  any, of prolonged Space t r a v e l  and weight- 
lessness  on t h e  nervous c o n t r o l  of  c i r c u l a t i o n  (psychocardiovascular react ions).  
This i nves t iga t ion  is important i n  t h e  i n i t i a l  a t tempts  t o  de f ine  and i d e n t i f y  
t h e  problems of  immediate o r  l a t e n t  e f f e c t s  on t h e  card iovascular  system pro- 
duced by very prolonged Space t ravel  condi t ions  and prolonged per iods of  
weight lessness ,  and f o r  t h e  f u r t h e r  development of  s c i e n t i f i c  methods f o r  
prevent ion of such card iovascular  e f f e c t s  i n  f u t u r e  prolonged Space f l i g h t s .  

Specif  I c a l l y :  1) card iovascular  measurements a r e  being made i n  several 
paramcters and s imultaneously recorded. These are  observed f o r  several weeks 
i n  primates r e s t r a i n e d  in  monkey c h a i r s  and i n  unanesthet ized dogs. More 
r ecen t ly ,  w e  a r e  t r y i n g  t o  a l low some of t h e  prepara t ions  t o  be in  f r e e l y  
moving condi t ions .  Various p a t t e r n s  of t h e  card iovascular  responses have 
been analyzed f o r  f u t u r e  c o r r e l a t i o n  with changes due t o  prolonged weight less -  
ness .  Also ana lys i s  of  changes i n  these  parameters a r e  descr ibed a s  they 
occur i n  r e l a t i o n  t o  a given s t imulus;  2)  o t h e r  measurements of r e n a l  and 
excre tory  func t ions  have been r ecen t ly  incorporated and c o r r e l a t e d  wi th  t h e  
card iovascular  measurements; 3) t h e  s t u d i e s  have been extended t o  o t h e r  spec ies  
of animals i n  o rde r  t o  have a more economical approach t o  some of t h e  problems 
i n  t h e  development of techniques f o r  chronic  experiments; and 4 )  new develop- 
ments i n  t ransducers  f o r  da t a  ana lys i s  systems a re  c u r r e n t l y  being used i n  
t h i s  labora tory  a s  an a n c i l l a r y  p a r t  of t h e  experiments. 

I n i t i a l l y ,  most of  t h e  research  e f f o r t  was concentrated on t h e  development 
of techniques f o r  eventua l  use i n  Space condi t ions  without  t echn ica l  handl ing 
of  t he  specimens. Although some research  e f f o r t  is s t i l l  being performed i n  
t h i s  a r ea ,  t h e  main e f f o r t  now is d ive r t ed  t o  t h e  development of  accu ra t e  measure- 
ments of card iovascular  func t ions  and inves t iga t ion  of t h e  e f f e c t s  of  e x t e r n a l  
and i n t e r n a l  s t i m u l i  on these  func t ions .  We cons ider  t h i s  t o  be an important 
a spec t  of  our  o v e r a l l  ob jec t ives  which w i l l  g ive  va luab le  information concerning 
c e r t a i n  a spec t s  of  t h e  nervous c o n t r o l  of c i r c u l a t i o n  under weight less  condi t ions  
i n  an o r b i t i n g  o r  i n t e rp l ane ta ry  satel l i te .  
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CONCEPTUAL BACKGROUND OF THE EXPERIMENTS 

The present  experiments were designed i n  the  e a r l y  p a r t  of 1963 a t  which 
t i m e  plans f o r  a Bio S a t e l l i t e  P ro jec t  were s t a r t e d .  A t  t h a t  t i m e  l i t t l e  was 
known about t h e  poss ib l e  e f f e c t s  of weight lessness  on card iovascular  funct ions.  
Information a v a i l a b l e  t o  us ind ica ted  t h a t  a number of non-specif ic  cardio-  
vascular  r eac t ions  occurred during space f l i g h t s .  However, t he  main concern 
of the  American and Russian programs was t o  develop quickly adequate space 
technology i n  propuls ion and vehicu lar  designs.  S c i e n t i f i c  biomedical r epor t s  
from the  Russian f l i g h t s  (Par in ,  e t  a l . ,  1965) ind ica ted  t h a t  a number of 
card iovascular  changes occurred during o r b i t a l  f l i g h t s .  The Russians thoroughly 
inZluenced by Pavlovian psychophysiology in t e rp re t ed  some of  these  func t iona l  
cliari(:es i n  t h e  card iovascular  system during weight lessness  a s  being impossed 
by environmental and cond i t iona l  changes on "higher nervous ac t iv i ty" .  The 
Pavlovian concepts of o r i e n t i n g  (novel) and condi t iona l  (acquired) r e f  lexes 
w e r e  implied in  some of  these  i n t e r p r e t a t i o n s .  Par in  and co l l abora to r s  (1965) 
found t h a t  d e f i n i t e  card iovascular  changes i n d i c a t i v e  of  increased  vagal  tone 
occurred during weight lessness .  They reported c o n s i s t e n t l y  slower h e a r t  r a t e  
du r ing  weight lessness  and def ined the  card iovascular  changes during take-off 
and re-entry.  

Animal experimentation by (Frank, et a l . ,  1965, Chernov & Yakolev, 1959 
& Henry, e t  a l . ,  1952) ind ica ted  t h a t  during the  take-of f ,  re -en t ry  and weight- 
lessness t h e r e  w e r e  stress changes i n  t h e  card iovascular  system on non-specif ic  
o r ig in .  However, t he  Russians, i n  rocket  f l i g h t s ,  showed t h a t  some of t he  
changes observed during take-off  and shor t  per iods of weight lessness  were 
dependent on t h e  i n t e g r i t y  of  t h e  nervous c o n t r o l  of phys io logica l  funct ions.  
Our chimpaze experiments (Henry, e t  a l . ,  1963) did not  show s i g n i f i c a n t  changes 
in  the  var ious b io log ica l  systems t e s t e d  bu t  the  experiments were so complex 
in  na ture  t h a t  no c l e a r  p a t t e r n s  could be de tec ted ,  never the less  the  da ta  d id  
not  show any c l e a r - c u t  e f f e c t s  om card iovascular  func t ions  except of t he  stresses 
produced by the  condi t ions  of t h e  f l i g h t .  

More r e c e n t l y  t h e r e  is a s t rong  impression t h a t  t h e r e  a r e  no de le t e r ious  
e f f e c t s  of prolonged weight lessness  (14 days) on card iovascular  funct ions.  
However, t h i s  impression w i l l  have t o  be supported by more f l i g h t s  of t h i s  
na ture .  The f a c t  t h a t  t he re  is no pa thologica l  e f f e c t s  of weight lessness  on 
card iovascular  func t ion  do not  preclude t h a t  the  nervous c o n t r o l  of c i r c u l a t i o n  
is not a f f ec t ed  during f l i g h t .  The f a c t  t h a t  an a s t ronau t  i n  G-VI1 showed 
minor ca rd iac  impairment during a tilt t a b l e  test  a f t e r  14 days of  weight less-  
ness  could not  be taken a s  a s t rong  ind ica t ion  t h a t  weight lessness  had any 
pa thologica l  e f f e c t s  on card iovascular  func t ions ,  but  it suggests  t h a t  t he re  
were some poss ib l e  changes i n  the  neu ra l  c o n t r o l  mechanisms. 

It is my opinion t h a t  t h e  problem o f ' n e u r a l  c o n t r o l  of c i r c u l a t i o n  and 
the  e f f e c t s  of psychic events  on cardiovascular  funct ions under condi t ions  of 
prolonged weight lessness  had not  been s tudied  thoroughly and t h a t  t hese  sc ien-  
t i f i c  quest ions w i l l  have t o  be explored i n  t h e  fu tu re .  Two main quest ions 
remain unanswered. Does prolonged weight lessness  during o r b i t a l  f l i g h t s  modify 
t h e  respons iv i ty  of the  cardiovascular  system t o  new psychic and environmental 
demands? Does prolonged weight lessness  in  in t e rp l ane ta ry  t r a v e l  modify the  
respons i v i t y  of t he  card iovascular  sys  t e m  t o  new psychic and environmenta 1 

s 



demands? A r e  t hese  two "weightless" condi t ions d i f f e r e n t ?  How a r e  w e  t o  
r e f u t e  these  mechanisms when t h e  experiments i n  t h e  p a s t  f l i g h t s  have not  
answered these  quest ions.  

We have shown previously t h a t  t he  s tudy of card iovascular  condi t ion ing  
r equ i r e  r i g i d  and e x q u i s i t e  c o n t r o l s  under t e r r e s t r i a l  condi t ions  It was 
Pavlov (1928) who showed t h a t  i n  order  t o  s tudy cond i t iona l  r e f l e x e s  t h e  
sub jec t s  have t o  be i so l a t ed  i n  s p e c i a l  sound proof chambers and t h e  e f f e c t s  
of the  environment has t o  be r i g i d l y  con t ro l l ed .  ( I n  t h i s  r e spec t  a veh ic l e  

. i n  space w i l l  be an i d e a l  labora tory) .  The f i e l d  of card iovascular  condi t ion-  
ing and t h e  s tudy of psychophysiological r eac t ions  of t h e  card iovascular  system 
is increas ingly  becoming more soph i s t i ca t ed  and p r e d i c t a b i l i t y  of some psycho- 
card iovascular  func t ions ,  under c e r t a i n  l i m i t a t i o n s ,  is poss ib l e  a t  p resent .  
This is  supported by the  p r o l i f e r a t i o n  of i nves t i a t ions  i n  numerous l abora to r i e s  
concerning card iovascular  condi t ioning and psychophysiologic r eac t ions  of t he  
card iovascular  system. 

The study of card iovascular  func t ions  accompanying o r i e n t i n g  r e f l exes  
and c l a s s i c a l  card iovascular  condi t ion ing  a r e  two important a spec t s  of t he  
study of t he  e f f e c t s  of weight lessness  i n  t h e  neu ra l  c o n t r o l  o f  cardiovascular  
funct ions.  Also the  s tudy of p e r i o d i c i t y ,  base l ine  s h i f t s ,  e f f e c t s  of  feeding 
and phys io logica l  s t imu la t ion  should be included. Neurographic a n a l y s i s  of 
c o n t r o l l i n g  neurophysiological  mechanism should a l s o  be considered. 

The ind iv idua l  i nves t iga t ions  repor ted  in  t h i s  f i n a l  progress  r epor t  
i l l u s t r a t e s  a number of experiments which could be used a s  models t o  determine 
t h e  poss ib l e  e f f e c t s  of prolonged weight lessness  on t h e  neu ra l  c o n t r o l  of  
card iovascular  func t ions .  The p r a c t i c a l  app l i ca t ion  of t hese  f ind ings  w i l l  
be poss ib l e  when the  adapt ing psychocardiovascular mechanisms under weight less-  
ness  a r e  understood and the rapeu t i c  measures a r e  taken t o  enhance o r  con t ro l  
them. 
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LABORATORY ENVIEWNMEXTAL CONDITIONS 

The labora tory  f a c i l i t i e s  were located i n  t h e  Pavlovian Laboratory a t  
t h e  Johns Hopkins Universi ty  School of  Medicine. 

Figure 1 i l l u s t r a t e s  t h e  one-way window on t h e  sound proof room 
( Indus t r i a  1 Acoustics Company, New York) . The recording equipment on t h e  
r i g h t  is an Offner t r a n s i s t o r i z e d  polygraph. 

Figure 2 i l l u s t r a t e s  t h e  programming and monitoring equipment which 
was used in t he  var ious experiments reported herein.  

Psychocardiovascular r eac t ions  were s tud ied  i n  monkeys r e s t r a i n e d  i n  
p l a s t i c  monkey c h a i r s .  Figure 3 shows a r e s t r a i n e d  primate. Note t h e  wide 
s c c t i o n  in  t h e  c h a i r  showing the  monkey's abdominal region. 
a t i o n  w e  measured h e a r t  r a t e ,  e lectrocardiograms,  blood p res su re  and blood 
flow without d i s tu rb ing  the  animal. Figure 4 is a close-up p i c t u r e  of t h e  
r e s t r a ined  primate. 
f l i g h t s .  F igure  5 shows t h e  r e s t r a i n e d  primate i n s i d e  t h e  sound proof room. 

I n  t h i s  prepar- 

A s i m i l a r  r e s t r a i n i n g  device could be modified f o r  space 

In  our  s t u d i e s  w e  pro jec ted  t h a t  eventua l ly  we would p r e f e r  t o  work 
* 

with the  unres t ra ined  primate.  This prepara t ion  could be t r a ined  t o  do 
var ious behavioral  t a sks  without being r e s t r a i n e d  i n  a monkey cha i r .  T e l e -  
metry techniques were p lannedas  a poss ib l e  s o l u t i o n  and w e  have t r i e d  some 
of these  techniques.  

In  t h e  unres t ra ined  pr imate  w e  have solved some problems such as prevent- 
ing the  animals from t e a r i n g  w i r e s  and expensive t ransducers .  The f i r s t  s t e p  
was t o  develop a s u i t  o r  b i o l o g i c a l  c a s t i n g  which t h e  primates could ware. 
Figure 6 i l l u s t r a t e s  one s u i t  t h a t  showed some promise along t h e s e  l i n e s .  
Monkeys w e r e  dressed in  t h i s  s u i t  with a p r o t e c t i v e  helmet. This combination 
of  s u i t  and helmet allowed t h e  primates t o  walk f r e e l y  without t e a r i n g  valuable  
t ransducers .  Figure 7 i l l u s t r a t e s  a primate wearing t h i s  space s u i t .  

Experimentarion i n  r e s t r a i n i n g  devices  which could be t ranspor ted  e a s i l y  
were a l s o  developed a s  shown i n  Figure 8. This proto- type movable u n i t  could 
be t ranspor ted  e a s i l y  from laboratory t o  labora tory  o r  from t h e  laboratory 
t o  t h e  launching s i t e  without excessive a t t e n t i o n  by paramedical personnel.  
A s i m i l a r  u n i t  of l i g h t e r  weight could be used a s  a ready assembly package 
with l i f e  support  system accessor ies  f o r  poss ib l e  placement i n  a l i v e  launch- 
ing u n i t .  
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Fig. 1. 
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Fig. 2. 
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Fig. 3. 

* n 
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Fig. 4. 
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Fig. 5. 



12 

Fig. 6. 



Fig. 7. 
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Pig. 8. 
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PHYSIOLOGICAL MEDIATION OF THE CARDIOVASCUUR ORIENTING REFLFX I N  DOGS, 

The purpose of t h e  p re sen t  s tudy  is t o  analyze t h e  HR changes beat- to-  
bea t  during t h e  f i r s t  t r i a l  i n  which a novel s t imulus is presented,  and t o  
analyze the  var ious  neuro logica l ,  muscular and r e s p i r a t o r y  mechanisms which 
might in f luence  t h i s  response.  

A number of i nves t iga t ions  have shown t h a t  t h e  usua l  i n i t i a l  ca rd iac  
O R  is a bradycardia  which changes i n  many ins tances  t o  a tachycardia  a f t e r  
a few p resen ta t ions  of t h e  novel s t imulus  (Graham and C l i f ton ,  1966, Black, 
1964; S tern  & Wood, 1961; Lynch, 1967; Newton and Perez-Cruet, 1967). I n  
genera l  t h e s e  s t u d i e s  have used a t r i a l  by t r i a l  a n a l y s i s  of HR changes. 

Although card iac  changes as a component of t h e  o r i e n t i n g  response were 
f i r s t  e labora ted  by Robinson and Gantt (1947) and t h e  p a t t e r n  of  the  HR-OR 
over a number of t r i a l s  w e l l  documented, t h e  OR wi th in  t h e  f i r s t  t r i a l  has  
not  been c l e a r l y  analyzed, nor has  t h e  phys io logica l  mediation of  t h i s  response 
been defined. In  s t u d i e s  by Lynch (1967) evidence w a s  presented showing t h a t  
the  HR-OR could func t ion  independent of  r e s p i r a t o r y  changes , which l ed  t o  
t h e  suggest ion t h a t  t h e  HR-OR was c e n t r a l l y  mediated. Perez-Cruet and Gaertner 
(1967) noted t h a t  t h e  HR slowing during OR is  not  necessa r i ly  a parasympathetic 
response,  s i n c e  t h i s  HR bradycardia  was observed i n  dogs b i l a t e r a l l y  vagoto- 
mized. These observat ions lead t o  t h e  ques t ion  of  what are  the  mechanisms t h a t  

re la t ive inf luence  of t h e  parasympathetic,  t h e  sympathetic,  muscular , r e s p i r -  
a to ry  and baroreceptor  in f luences  on t h e  HR-OR. This  ana lys i s  was attempted 
by both s u r g i c a l  and pharmacological blockade of  t h e  var ious  phys io logica l  
mediators i n  a l a r g e  group of dogs. 

_f c o n t r o l  t he  HR-OR. The present  s tudy  r ep resen t s  an at tempt  t o  de f ine  t h e  

Procedure: 

The sub jec t s  w e r e  49 experimental ly  naive,  mongrel dogs. The sub jec t s  
were placed i n  s i x  major groups a s  follows: 

1. Normal c o n t r o l  group 
2. B i l a t e r a l l y  sympathectomized group 
3 .  B i l a t e r a l l y  vagotomized group 
4 .  Parasympathetic blockade wi th  a t r o p i n e  
5. 
6. Muscular p a r a l y s i s  with succ inylchol ine  a r t i f i c i a l  r e s p i r a t i o n  

Beta adrenergic  blockade with propranolo l  

A l l  t h e  animals w e r e  placed i n  a sound-proof, temperature con t ro l l ed  room, 
and observed through a one-way mi r ro r  and t e l e v i s i o n  monitor. (Fig. 1, See 
appendix f o r  s l i d e  proofs ) .  Electrocardiograms and r e s p i r a t i o n  were measured 
with an Offner polygraph. I n  s e v e r a l  of t h e  dogs a r t e r i a l  blood pressure,  
electromyograms from t h e  neck and h indlegs  were measured simultaneously with 
h e a r t  r a t c .  Beat-to-beat HR was analyzed wi th  a Hewlett-Packard e l e c t r o n i c  
counter ,  and then programmed i n t o  a computer. 

l%e o r i e n t i n g  s t imulus cons i s t ed  of a 60 db tone,  480 cps,  presented 
f o r  10 seconds. The f i r s t  tone was presented 4-5 minutes a f t e r  the  animal 
was s e t t l e d  i n  the  experimental  room. 
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S.urgica1 Procedure: B i l a t e r a l  c e r v i c a l  vagotomies were performed 
i n  12 dogs with a technique r e c e n t l y  developed by Perez-Cruet and Gaertner 
( I n  Press ) .  Resection of t he  vagosympathetic t runk  i n  t h e  neck included 
about 1 t o  2 inches of t h e  c e r v i c a l  vagi.  Complete b i l a t e r a l  vagotomies 
w e r e  v e r i f i e d  by a number of phys io logica l  changes such a s  e leva ted  h e a r t  
r a t e ,  vomiting, re laxed n i c t i t a t i n g  membranes while  t h e  animals were a l i v e ,  
and a t  autopsy. 

B i l a t e r a l  sympathectomies were performed by removing the  s t e l l a t e  
ganglion and a l s o  the  tho rac i c  sympathetic chain up t o  t h e  10th tho rac i c  
i n t e r c o s t a l  space.  Signs of sympathetic r e s e c t i o n  included re laxed  n i c t i -  
t a t i n g  membranes, prominent s inus  arrhythmia and slow h e a r t  r a t e .  

Drug Procedure: Pharmacological denervat ion was done with a t r o p i n e  
(dose: 0 . 3  mg/Kg,  subcutaneous1y)to block the  parasympathetic system and 
with propranolol  ( Inde ra l  dose: 5 mg/Kg, intravenously)  t o  block t h e  be ta  
adrenerg ic  mechanisms of t h e  sympathetic nervous system. Signs of a t r o p i n i -  
z a t i o n  cons is ted  of dry mouth, and very e leva ted  h e a r t  r a t e .  
ade with i n d e r a l  was complete and t h e  response t o  i sopro terenol  was o b l i t e r a t e d .  

The be ta  block- 

In  o rde r  t o  r u l e  ou t  t h e  mediation of t h e  o r i e n t i n g  bradycardia by 
muscular o r  r e s p i r a t o r y  f a c t o r s  a group of  animals were paralyzed temporarily 
with succ inylchol ine  (dose: 1 t o  2 mg/Kg, intravenously)  and v e n t i l a t e d  
a r t i f i c i a l l y .  
para  l y  s is  by s uc c iny lcho 1 ine . 
Results : 

Electromyogram showed no evidence of muscular a c t i v i t y  during 

The summary r e s u l t s  a r e  presented i n  Table I, A s  shown i n  Table I 67% 
of the  normal c o n t r o l  dogs showed an o r i e n t i n g  bradycardia  i n  the  f i r s t  
o r i e n t i n g  t r i a l ;  25% showed no change in  h e a r t  r a t e  and only 8% acce lera t ion .  
S l i d e  I i l l u s t r a t e s  i n  the  normal con t ro l s  average cihanges i n  beat- to-beat  
h e a r t  r a t e  changes before ,  during and a f t e r  t h e  f i r s t  o r i e n t i n g  t r i a l .  Note 
t h a t  i n i t i a l l y  t h e r e  is a sudden drop in  h e a r t  r a t e  followed by a more gradual  
slowing. S imi l a r ly  when t h e  o r i e n t i n g  s t imulus is terminated t h e r e  is another  
i n i t i a l  sudden drop i n  h e a r t  r a t e  followed by an increase  i n  h e a r t  r a t e  but  
s t i l l  below. the  pre-s t imulus level. 

In  the  vagotomized group, 50% showed a gradual  dece le ra t ion  of about 5 
t o  10 bea ts  pe r  minute during the  o r i e n t i n g  s t imulus;  33% showed no change 
and 17% acce le ra t ed  (see Table I ) .  The o v e r a l l  average f o r  t h i s  group is shown 
i n  s l i d e  2. 

In  the  a t r o p i n e  group, 60% showed complete o b l i t e r a t i o n  of t h e  o r i e n t i n g  
bradycardia;  20% showed bradycardia and 20% acce le ra t ed  (See Table I). The 
o v e r a l l  average is shown i n  s l i d e  3.  

In  t h e  Inde ra l  group, 90% showed d e f i n i t e  o r i e n t i n g  bradycardia with very 
pronounced and accentuated i n i t i a l  sudden drops i n  h e a r t  r a t e f  none developed 
a c c e l e r a t i o n  and 10% showed no change. The o v e r a l l  average f o r  t h e  group is 
shown i n  s l i d e  4 .  

In the sympathectomized group, 50% developed o r i e n t i n g  bradycardia;  none 
developed acce le ra t ion  i n  h e a r t  r a t e  and 50% showed no change. 
average f o r  t he  group is shown i n  s l i d e  5. 

The o v e r a l l  
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In  the  cu ra re  group, 33% showed a c c e l e r a t i o n  and 17% showed bradycardia,  
while  50% showed no change. The o v e r a l l  average f o r  t h i s  group is shown i n  
s l i d e  6. 

Iirip 1 i c a t  ions and Conc l u s  ions : 

‘iltis s tudy confirms t h a t  an i n i t i a l  slowing of h e a r t  rate occurs during 
the Pirst o r i e n t i n g  t r i a l s .  

‘Ilie mediation of  t h i s  bradycardia is not  e n t i r e l y  vaga l  since it occurs 
4n dogs with b i l a t e r a l  c e r v i c a l  vagotomies. Rosenblueth and Freeman (1931) 
liave Pound t h a t  slowing of t he  h e a r t  r a t e  with sympathetic nerves i n t a c t  is 
poss j b l e  i.n vagotomized anes the t ized  c a t s .  In  t h e i r  experiments s t imu la t ion  
o€ t h c  ccnkra l  a l fe ren t :  stump of t h e  vagus nerve with b i l a t e r a l  c e r v i c a l  
vagotomies produced h e a r t  rate slowing. This f ind ing  by Rosenblueth, e t  a l ,  
and o u r  f ind ings  of slowing of h e a r t  r a t e  i n  the  unanesthet ized vagotomized 
dog suggest t h a t  t h e  o r i e n t i n g  bradycardia can i n  f a c t  be mediated by i n h i b i t i o n  
of t h e  sympathetic nervous system. The f a c t  t h a t  slowing of h e a r t  r a t e  occurs 
i n  t h e  vagotomized dog during o r i e n t i n g  a l s o  suggests  feedbacks between vagal  
e x c i t a t i o n  and sympathetic i nh ib i t i on .  

The f inding  t h a t  t he  o r i e n t i n g  bradycardia was a f f e c t e d  more by a t rop ine  
than by vagotomy suggest  t h a t  t h i s  drug not only i n t e r f e r e s  with parasympathetic 
influcrices on the  h e a r t ,  but  a l s o  has known undes i rab le  c e n t r a l  e f f e c t s .  

‘nie resu l t s  in  the  propranolol  and sympathectomized groups suggest  t h a t  
the  neuro logica l  mediation of t h e  acce le ra t ion  i n  h e a r t  r a t e  a s  a component 
of t he  o r i c n t i n g  r e f l e x  is by means of sympathetic e x c i t a t i o n .  This f a c t  is 
Bupported by t h e  f ind ing  t h a t  no t  a s i n g l e  dog in  these  two groups showed 
acce le ra t ion  but r a t h e r  a cons i s t en t  dece le ra t ion  a s  an o r i e n t i n g  r e f l e x .  
The r e s u l t s  a l s o  suggest  t h a t  t h i s  acce le ra t ion  is not  mediated by parasympathetic 
i nh ib i t i on  because a f t e r  symphatectomy o r  be ta  adrenergic  blockade, where 
parasympathetic inf luences a r e  not  blocked, not  a s i n g l e  case  of acce le ra t ion  
as  an o r i e n t i n g  r e f l e x  w a s  observed during the  f i r s t  o r i e n t i n g  t r i a l ,  The 
f a c t  t h a t  bradycardia a s  a component of  the  o r i e n t i n g  r e f l e x  was more prominent 
i n  these  two groups a l s o  suggest  t h a t  e x c i t a t i o n  of the  parasympathetic system 
is an important mediator of t h e  o r i e n t i n g  bradycardia.  

The cu ra re  experiments showed d e f i n i t e  evidence of o r i e n t i n g  bradycardia 
in  one animal, bu t  2 o the r s  showed acce le ra t ion  while  t he  o the r s  did not  show 
any h e a r t  r a t e  response. These f ind ings  suggest  t h a t  a t  l e a s t  i n  some animals 
complete muscular p a r a l y s i s  and con t ro l l ed  r e s p i r a t i o n  cannot o b l i t e r a t e  t he  
qcce le ra t ion  component of t he  o r i e n t i n g  r e f l e x ,  bu t  t h a t  it does a f f e c t  g r e a t l y  
the  bradycardia component. However t h e  presence of one ins tance  of o r i e n t i n g  
bradycardia i n  dogs para l ized  temporarily with succinylchol ine c l e a r l y  i l l u s t r a t e  
t h a t  the  bradycardia can be c e n t r a l  i n  o r i g i n  without in te rvening  muscular medi- 
a t ion .  

Measurement of blood pressure  showed a decrease i n  s y s t o l i c  and d i a s t o l i c  
blood pressure  which ind ica t e  t h a t  t he  o r i e n t i n g  bradycardia is not  mediated 
by baroreceptor  mechanisms. 

Electromyograms from the  neck and hindlegs usua l ly  showed a reduct ion i n  
t h e  amplitude of  muscle p o t e n t i a l s  i n  the  major i ty  of cases ,  however, some dogs 
showed an inc rease  i n  muscle p o t e n t i a l s  during o r i e n t i n g  bradycardia ind ica t ing  
t h a t  the  musculo-skeletal  mediation mechanism is not  always respons ib le  f o r  
the  cardiac e f f e c t s  . 
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TABLE 1 

Vag0 tomies 
(Dogs) 

HEART RATE CHANGE AS A COMPONENT OF TIIE ORIENTING FUFLM 

I N  THE FIRST ORIENTING TRIAL 

Sympa thee tomy 
(DOES 1 

I n d e r a l  
B-blockade 

(Dogs ) 

During Tone 

Accelera t ion  Decelerat ion No Change 

8 %  
1 

17% 
2 

20% 
1 

0% 
0 

0% 
0 

33% 
2 

67% 
8 

50% 
6 

20% 
1 

50% 
2 

90% 
9 

17% 
1 

25% 
3 

33% 
4 

60% 
3 

50% 
2 

10% 
1 

50% 
3 
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SLIDE # 1 

13C 

11( 

90 

70 

5c 

-- CONTROL GROUP: ORIENTING HEART RATE SZOWING DURING FIRST ORIENTING TRIAL 

Bca ts /Minu te 

Pre - S t i [nu 1 us S t i m u l u s  T 480 cps 

Successive Heart Beats 

Pos t S t imu Ius 

Subjects: 12 dogs 
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I 

D F E C T  OF kII.ATEML CERVICAL VAcxlTom ON THE HEART RATE COMPONENT OF THE 
ORIENTING REFLEX 

Bea td/Minute 
17 0 

130 

I 

P re -S  t imulus S t i m u l u s  T 480 cps 

S u c c e s s i v e  Heart Beats 

Post S t i m u l u s  

1 -  

S u b j e c t s :  12 dogs 
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7 SLIDE # 3 

EFFECT OF ATROPINE ON THE HEART RATE COMPONENT OF THE ORIENTING REZLEX 

2 5  

2X 

21 

Beats /Minute  A t r o p i n e  S u l p h a t e  
013 rng/kg S .  Q. 

Pre -S t imu l u s  S t i m u l u s  T 480 CPS 

S u c c e s s i v e  Heart Beats 

"bs'- , 

P o s t  S t imulus  

S u b j e c t s :  5 dogs 
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S L I D E  # 4 

EFFECT OF BETA ADRENERGIC BIOCKADE ON THE HEART RATE COMPONENT OF THE ORIENTING REFLEX 

30 

IC 

90 

70 

Bea t s h i n u  te Propanol01  ( Inderal ) 
5 mglkg 19 v* 

Pre-S  t i m u l u s  S t i m u l u s  T 480 c p s  P o s t  S t i m u l u s  

S u c c e s s i v e  Heart Beat s  S u b j e c t s :  10 dogs. 



SLIDE # 5 
25 

EFFECT OF SYMPATEC'KIMY ON THE HEART RATE COMPOISENT OF THE O R I E N T I N G  REFLEX 

Beats /Minute  I 

S t i m u l u s  T 480 c p s  Post S t i m u l u s  

Successive Heart Beats Subjects:  4 dogs 



110 

90 

7(3 

Bea ts/Minute 

EFFECT OF SUCCINYLCHOLINE ON THE HEART RATE COMPONENT OF THE ORIENTIEJG 

Pre-S timulus 

I 

Succinylcholine Chloride 
1 mg/kg I, V. 

REFLEX 

Stimulus T 480 cps ' Post Stimulus 

Successive Heart Beats Subjects: 6 dogs. 
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,. . . ,  . . . ,  

HEART-RATE DURING ORIENTING AND CLASSICAL DEFENSIVE CONDITIONINC, I N  MONKEYS, 

There are  s e v e r a l  r e p o r t s  concerning changes i n  h e a r t  r a t e  (HR) during 
c l a s s i c a l  defens ive  condi t ion ing  i n  humansl,*r and dogs3, and o t h e r  specie&. 
O n  reviewing t h e  l i t e r a t u r e ,  w e  have not  found s t u d i e s  concerning t h e  card io-  
vascular  components of t h e  o r i e n t i n g  r e f l e x  i n  primates.  

Smith and S t e b b i d  have s tud ied  blood flow from t h e  lower aorta and HR 
i n  primates,  which were i s o l a t e d  i n  a q u i e t  room. I n  t h e i r  s t u d i e s ,  they w e d  
delayed c l a s s i c a l  condi t ion ing  wi th  two d i f f e r e n t  l i g h t s  as cond i t iona l  s t i m u l i .  
One l i g h t  was pa i red  with shock and t h e  o t h e r  was non-reinforced. They found 
changes in HR and blood flow dur ing  condi t ion ing  and they ru led  out  t h a t  body 
movements and r e s p i r a t i o n  w e r e  respons ib le  f o r  t h e  cond i t iona l  changes. 

The purpose of  t h e  p re sen t  s tudy was t o  determine i f  HR CRs could be  
e s t ab l i shed  i n  monkeys using 8 paradigm which has been employed i n  our  labora- 
t o r y  f o r  condi t ion ing  i n  dogs . 
Methods and ,Mater ia l s .  

Two monkeys were used. The animals were i s o l a t e d  i n  a soundproof room 
with a sound a t t e n t u a t i o n  of 81  db, and they were observed throug a one-way 
window. The animals were r e s t r a i n e d  i n  monkey c h a i r s  and a l l  phys io logica l  
measurements were done from o u t s i d e  of the  room. 

The EKG was obtained with implanted e l ec t rodes  under the  sk in .  One 
e l ec t rode  was implanted i n  t h e  r i g h t  s i d e  of  t h e  thorax and the  o t h e r  was 
implanted i n  t h e  l e f t  i ngu ina l  region.  This lead record ing  is s i m i l a r  t o  the 
s tandard lead 2, commonly used i n  e lectrocardiography.  A ground e l ec t rode  
was usual ly  implanted i n  t h e  l e f t  s i d e  of t h e  thorax. The HR changes during 
o r i e n t i n g  and condi t ion ing  were obtained by measuring manually t h e  R-R i n t e r v a l  
( R R I )  between success ive  R waves i n  t h e  EKG. The HR was a l s o  monitored with 
a Gilford cardiotachometer which displayed a beat-by-beat change i n  HR. 

The technique f o r  eva lua t ing  t h e  HR changes dur ing  o r i e n t i n g  and condi t ion-  
ing by success ive  bea t s  has been descr ibed r ecen t ly  by Newton & Perez-Cruet.7 
In t h i s  technique, t h e  HR is averaged beat-by-beat before ,  during and a f t e r  
a tone. During a n a l y s i s ,  a l l  RRI f o r  s e v e r a l  t r i a l s  f o r  t h e  l a s t  RRI p r b r  
t o  s t i m u l u s  onse t  (RRI -1) a r e  averaged and the  s t anda rd -aev ia t ion  is 
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conputed. S imi la r ly ,  working backward i n  t i m e ,  t h e  same s tandard  dev ia t ion  
is computed. S imi la r ly ,  working backward i n  t i m e ,  t h e  same procedures are 
c a r r i e d  out f o r  RRI  -2 (next  t o  l a s t  RRI before  s t imulus onse t )  and so on 
u n t i l  RRI  -10. S t a r t i n g  aga in  a t  t one  onse t ,  t h e  average HR and t h e  s tandard 
devia t ion  a r e  computed f o r  RRI  +1 up t o  RRI -I-20 dur ing  t h e  tone.  A t  t he  tone 
o f f s e t ,  averaging is begun aga in  working forward f o r  10 t o  15 RRI .  This type 
of  a n a l y s i s  gives  a p i c t u r e  of t h e  la tency o f  t h e  response and t h e  magnitude 
of  t h e  changes. The o r i e n t i n g  r e f l e x  was s tud ied  wi th  techniques employed 
previously i n  our labora tory  by Robinson and Gantt  8 . The orCenting t r a i n i n g  
cons is ted  of p re sen ta t ion  of tones which w e r e  l a t e r  t o  become t h e  CS. Tones 
256 cylsec.  and 512 cy/sec.  were presented a l t e r n a t e l y  a t  2 minute i n t e r v a l s  
f o r  10 t o  30 t r ia ls  of each tone p e r  day. The dura t ion  of t he  tone w a s  8 
seconds, The condi t ion ing  t r a i n i n g  w a s  done a f t e r  50 t o  100 o r i e n t i n g  t r i a l s  
of each tone ( 2  t o  3 days) ,  During condi t ioning,  tone  256 cps was always 
re inforced  with a mild shock (5-10 v o l t s  and less than 5 ma.  wi th  a du ra t ion  
of sec . ) ,  j u s t  s u f f i c i e n t  t o  cause a withdrawal o f  t he  r i g h t  leg.  The . ---_----- - 



e l e c t r i c  shock was always appl ied  over t he  s k i n  on the  r i g h t  leg.  
was never re inforced .  
between 1 t o  2 minutes. There w e r e  50 t o  100 re in fo rced  t r i a l s  of condi t ion ing  
pe r  monkey ( seve ra l  d a i l y  se s s ions ) .  
exc i t a to ry  ,tones and t h e  non-reinforced were c a l l e d  the  inh ib i to ry  tones. 

Tone 512 
The i n t e r t r i a l  i n t e r v a l  during condi t ion ing  was va.ried 

The re inforced  tones were c a l l e d  the  

ResulQ3 : 

A monkey (F309) showed s i g n i f i c a n t  increases  i n  HR t o  tones 256 and 512 
during o r i en t ing .  The increase  i n  HR during o r i e n t i n g  var ied  from a base l ine  
of 191 t o  a peak va lue  of 204 bpm during tone 512; and from a base l ine  of 196 
t o  a peak va lue  of 205 bpm during tone 256. In another  monkey (C64) changes 
in  HR during o r i e n t i n g  w e r e  less pronounced and t h e r e  was no s i g n i f i c a n t  
changes i n  t h e  HR component of t h e  OR during tones 256 and 512. During condi- 
t i on ing  the  t W 6  monkeys showed a s i g n i f i c a n t  a c c e l e r a t i o n  i n  HR t o  t h e  excit- 
a t o r y  tone 256 cps. With our  procedure t h e r e  was no evidence of c l e a r  cu t  
d i f f e r e n t i a t i o n  between tones 256 and 512, but t he  changes i n  HR during t h e  
exc i t a to ry  tone were g r e a t e r  than those dur ing  t h e  inh ib i to ry  tone i n  monkey 
(264. 

Figure 1 and 2 i l l u s t r a t e  t he  changes i n  HR dur ing  o r i e n t i n g  (A) and 
condi t ioning (B) t o  tones 256 and 512 i n  monkey C64. Note t h a t  during o r i e n t -  
ing the  HR does not  change s i g n i f i c a n t l y  during the  tones?  However, during 
condi t ioning,  t r a c i n g  B, t h e r e  is a gradual increase  i n  HR a f t e r ’  t h e  5 th  bea t  
and a l a rge  increase  i n  HR a f t e r  t he  15th beat  during tone 256, showing a HR 
condi t iona l  r e f l e x  from 174 bpm (base l ine)  t o  201 bpm, The uncondi t ional  
s t i m u l u s  (US) which uses  a shock t o  the  r i g h t  leg,  produces a s l i g h t  increase  
in  HR ( see  F igure  1). During t h e  non-reinforced tone 512, t h e r e  is a l s o  an 
increase  i n  HR from a base l ine  of 176 t o  a peak va lue  of 190 bpm during the  
tone.  

Figures 3 and 4 i l l u s t r a t e  changes i n  HR during o r i e n t i n g  and condi t ioning 
t o  tones 256 and 512 i n  monkey F309. Note t h a t  t h e  changes i n  HR during o r i e n t -  
ing a r e  s i m i l a r  t o  t h e  changes i n  HR during condi t ioning.  

In  monkey C64, t he  condi t ion ing  t r a i n i n g  produced a lower HR base l ine  
than t h a t  observed during o r i en t ing ;  on t h e  o the r  hand, i n  monkey F309 t h e  
condi t ioning t r a i n i n g  produced an e l eva t ion  of t h e  HR base l ine  from t h a t  
observed dur ing  the  o r i e n t i n g  t r a in ing .  
i n  HR condi t  ioning i n  dogs. 

S imi la r  r e s u l t s  have been observed 

Inh ib i to ry  card iac  cond i t iona l  re f  lexes were occas iona l ly  seen i n  
monkey F309. 
and a f t e r  t he  non-reinforced tone and it  cons is ted  of a HR dece le ra t ion .  
This HR dece le ra t ion  became prominent a t  t he  o f f s e t  of t he  tone.  
showing an inh ib i to ry  card iac  CR is shown i n  Figure 5. 

The card iac  inh ib i to ry  condi t iona l  r e f  lex was observed during 

A t r ac ing  . 

Discuss ion \ 

This prel iminary s tudy  shows t h a t  t he  HR cond i t iona l  r e f l exes  i n  the  
two monkeys c o n s i s t s  of an acce le ra t ion  s i m i l a r  t o  t h a t  seen i n  dogs. 
HR acce le ra t ion  a s  a component of t h e  o r i e n t i n g  r e f l e x  can a l s o  occur i n  
monkeys. 

The 

D i f f e r e n t i a t i o n  i n  these  two monkeys was not  a s  good a s  i n  dogs. 
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The s t u d i e s  o f  Smith & Stebbins  has shown d i sc r imina t ion  of  HR i n  3 
out  of 4 monkeys. In  t h e i r  s t u d i e s ,  they used a cond i t iona l  s t imulus of 56 
sec.  with varying i n t e r t r i a l  i n t e r v a l s  of 5, 10 and 15 min. and a time between 
ses s ions  of  a t  least  48 hours.  This d i f f e r e n c e  i n  procedure might account 
f o r  the  good d i f f e r e n t i a t i o n  observed i n  t h e i r  experiments. I n  the p re sen t  
s tudy ,  w e  were at tempting a comparison of t h e  HR cond i t iona l  r e f l exes  i n  
moIllceys versus dogs us ing  the  same paradigm f o r  both animals.  I n  s p i t e  of 
t h e  d i f f e r e n c e  of methods from Smith & Stebbins ,  w e  a l s o  found the  HR CR to  
be accelerative. 

The f a c t  t h a t  i n h i b i t o r y  ca rd iac  CR t o  t h e  non-reinforced tone w a s  
observed in one monkey ind ica t e s  t h a t  t he  HR dece le ra t ion  can a l s o  be used 
a s  an index of i n h i b i t i o n  as previously shown i n  dogs by Perez-Cruet'. 
a r e  iiow i n  progress  t o  determine o t h e r  card iovascular  func t ions  during o r i e n t -  
ing and condi t ioning i n  primates.  

S tudies  

Suma ry 

Heart-rate changes dur ing  o r i e n t i n g  and condi t ion ing  w e r e  s tud ied  i n  
two monkeys. A h e a r t - r a t e  a c c e l e r a t i o n  as a component of t he  o r i e n t i n g  reflex 
was observed in one monkey. Hea r t - r a t e  a c c e l e r a t i o n  as a cond i t iona l  r e f l e x  
was  observed i n  two monkeys. D i f f e r e n t i a t i o n  between a re inforced  e x c i t a t o r y  
tone and a non-reinforced i n h i b i t o r y  tone w a s  not  observed. HR dece le ra t ion  
du r ing  the  non-reinforced tone was occas iona l ly  observed i n  one monkey. 
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ORIENTING AND CONDITIONAL RESPONSES. 

Cardiovascular o r i e n t i n g  and condi t ion ing  in  dogs have been s tudied  by 
Gantt and co-workers f o r  a number of years  (Gantt & Hoffman, 1940; Gantt, 1944). 
Average increascs  i n  h e a r t  r a t e  (HR) o f  10 t o  40 bea t s  pe r  minute (bpm) occur 
t o  an o r i e n t i n g  s t imulus ( O S )  such a s  a tone,  viz. t h e  o r i e n t i n g  r e f l e x  (OR); 
t h e  average increases  diminish with repeated p resen ta t ion  of the s t imulus 
(Robinson & Gantt, 1947). In  condi t ioning experiments where the  tone is r e i n -  
forced with an e l e c t r i c  shock t o  a l eg  a s  uncondi t ional  s t imulus (US), the  
tone becomes a cond i t iona l  s t imulus (CS which w i l l  e l i c i t  f l e x i o n  of t he  l eg  
and card iovascular  changes (Dykman & G n t t ,  1960; Newton, 1963; Perez-Cruet 
& Gaertner,  1966). 

A 
The usua l  method f o r  eva lua t ing  changes i n  h e a r t  r a t e  and blood pressure  

(BP) during o r i e n t i n g  o r  condi t ion ing  has been a comparison of t h e  averages 
of  counts f o r  5- t o  6-second per iod of HR with s y s t o l i c  and d i a s t o l i c  pressures  
before ,  during, and a f t e r  an OS o r  CS. This type of ana lys i s  gives no ind ica t ion  
of beat-by-beat changes i n  card iovascular  parameters,  which a r e  important i n  
the  s tudy of t hese  r e f l exes .  

.. We have developed a technique f o r  averaging HRs and BPs on success ive  
bca ts ,  over a l a rge  number of t r i a l s ,  before ,  during, and a f t e r  an o r i e n t i n g  
o r  cor idi t ional  s t imulus.  

* 
Our method f o r  measuring HR and BP resembles t h a t  used by Dykman and 

Gantt (1956) and by Teitelbaum and Gantt (1955) f o r  measuring HR, except t h a t  
ours  does not  involve a second-by-second ana lys i s  of HR. Zeaman, Deane, and 
Wegner (1954) have success fu l ly  used a method s i m i l a r  t o  t h a t  of Dykman, 
Teitelbaum and Gantt i n  eva lua t ing  HR i n  humans during condi t ioning.  We have 
appl ied  the  same method t o  the  ana lys i s  of BP. Before our  s tudy,  the method 
11a3 not  Been employed f o r  eva lua t ion  of blood p res su re  i n  condi t ioning s tud ie s .  

Meth,od of Evaluating Heart  Rate and Blood Pressure  

In  t h i s  paper w e  r epor t  HR changes i n  n ine  dogs during o r i e n t i n g  and 
condi t ioning,  using t h e  successive-beat  method; i n  s i x  of these  dogs BP changes 
were a l s o  evaluated. 

EKG (normally a ches t  o r  s tandard  limb lead)  and i n t r a - a r t e r i a l  BP from 
the  abdominal ao r t a  a r e  recorded on an Offner-Beckman Type R polygraph. 
a t i o n  is monitored with a circum-thoracic s t r a in -gage  b e l t ,  

Respir- 

An on- l ine  d i g i t a l  p r in t -ou t  of t he  h e a r t  per iod (cardiac-cycle  dura t ion)  
between each two success ive  R-waves, viz.  t he  R-R i n t e r v a l  (RRI), is obtained 
through a 551211 Hewlett-Packard e l e t r o n i c  counter.  Heart  period is punched 
manually on an IBM card p r i n t i n g  machine. 

Figure 1 shows the  method of  averaging success ive  bea ts  before ,  during, 
and a f t e r  a tone re inforced  wi th  a shock t o  t h e  fo re l eg  coming immediately a f t e r  
the  tone. In  these  p a r t i c u l a r  t r ac ings  t h e  tone onse t  and o f f s e t  and shock 
onset  a r e  synchronized with an R-wave of t h e  EKG. During a n a l y s i s  a l l  h e a r t  
periods f o r  s e v e r a l  t r i a l s  f o r  t he  l a s t  R-R i n t e r v a l  p r i o r  t o  s t i m u l u s  onset  
( R R I - 1 )  a r e  converted by a computer technique t o  HR. They a r e  then averaged 
and the  s tandard dev ia t ion  is computed. Working backwards i n  t i m e ,  t he  same 
procedures a r e  c a r r i e d  out  f o r  RRI-2 (nex t - to - l a s t  R R I  before  s t imulus onset)  , 
RRI-3, and so on back t o  RRI-5 o r  RRI-10. S t a r t i n g  again a t  tone onset ,  t he  
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average HRs and t h e i r  s tandard devia t ions  a r e  computed f o r  R-R i n t e r v a l  +1, 
RRI 4-2, and up t o  RRI 4-8 o r  4-10 during t h e  tone. A t  tone o f f s e t  averaging 
is begun again,  working forward f o r  5 t o  10 R-R i n t e r v a l s .  The computed 
curve a t  the  bottom of  F igure  1 i l l u s t r a t e s  t he  beat-by-beat HR averaged f o r  
t he  seven t r i a l s  shown. 

To determine BP, a polyvinyl  c a t h e t e r  is in se r t ed  through t h e  femoral 
a r t e r y  i n t o  t h e  abdominal a o r t a  by a technique descr ibed elsewhere (Perez-Cruet, 
Plumlee & Newton, 1966). Catheters  remain in  p l ace  and BPs can be recorded 
d a i l y  f o r  1 t o  12 months. The o u t s i d e  end of t h e  c a t h e t e r  is connected to  a 
P23De Statham p res su re  t ransducer ,  taped t o  the  thorax a t  t he  level of the  h e a r t ,  
t h e  output  of which is recorded on the  polygraph. Measurement of BPs is a s  
follows: a technic ian  measures manually, using t h e  d a i l y  c a l i b r a t i o n ,  t h e  
d i a s t o l i c  trough and s y s t o l i c  peak of each pressure  pu l se  i n  the  succession,  
f o r  each ca rd iac  cyc le  i n  a given t r i a l .  The d i a s t o l i c  trough and s y s t o l i c  
peak corresponding t o  the  second of  the  two bea ts  whose h e a r t  per iod is i n  
quest ion a r e  taken a s  the  BP f o r  t h a t  p a r t i c u l a r  R-R i n t e r v a l .  The values  of 
abso lu te  p re s su re  i n  mm Hg a r e  then punched onto IBM cards  f o r  averaging across  
t r i a l s  t o  g ive  a mean s y s t o l i c  pressure,  a mean d i a s t o l i c  pressure  and t h e i r  
s tandard dev ia t ions  f o r  each bea t  of t he  succession,  corresponding t o  the  H R s .  

Procedure Used t o  Tra in  Dogs 
,.* 

Nine dogs w e r e  t r a ined  t o  s tand  q u i e t l y  i n  a soundproof room. EKGs, 
r e s p i r a t i o n  and movements of  the  l e f t  fo re l eg  were continuously monitored. * 

Dogs were r e s t r a i n e d  by means of a leash around t h e  neck and a s t r a p  under 
t h e  abdomen t i e d  loose ly  t o  an overhead bar .  I n  t h r e e  dogs, BP c a t h e t e r s  were 
maintained throughout the  course of t he  experiment (2 t o  3 months), i n  t h r e e  
o the r  dogs d i r e c t  BPs w e r e  recorded f o r  only p a r t  of t h e  experiment. No BP 
recordings were made f o r  t he  remaining t h r e e  dogs i n  t h e  group. 

Or i en t ing  Phase: Training cons is ted  of p re sen ta t ion  of  tones which were 
l a t e r  t o  become the  CSs. Tones of 256 cps and 512 cps (low i n t e n s i t y ,  about 
equiva len t  t o  t h a t  of a loud whisper) were presented a l t e r n a t e l y  a t  2-minute 
i n t e r v a l s ,  usua l ly  t en  t i m e s  a day. For six of  the  dogs, each tone was sounded 
f o r  6 t o  7 seconds a t  a t i m e .  For t he  o t h e r  t h r e e  dogs, t h e  tone dura t ion  was 
t h e  length of e i t h e r  R-R i n t e r v a l s ,  with t r i g g e r i n g  of tone-onset and tone- 
o f f s e t  by an R-wave of t he  EKG. W e  have not  found, i n  t h e  dogs repor ted  i n  t h i s  
s tudy,  and d e f i n i t e  d i f f e rences  i n  the  e f f e c t s  on card iovascular  condi t ioning 
of t hese  two s l i g h t l y  d i f f e r e n t  methods of  present ing  t h e  s t i m u l i .  

Conditioning Phase: Af te r  t h e  o r i e n t i n g  phase of 50 t o  100 t r i a l s  of each 
tone over a per iod of f i v e  t o  ten  days r egu la r  reinforcement with shock was 
i n s t i t u t e d ,  with a l l  tones of  one-frequency (256 cps f o r  s i x  dogs, 512 cps tones 
f o r  t h r e e  dogs) followed immediately by a 0.5- t o  1.0-second AC shock (0.5 t o  
5.0 mill iamperes) to  t h e  l e f t  fore leg .  The dogs could never avoid t h e  shock. 
Tones of  the  o the r  frequency were never re inforced .  Tone dura t ion ,  i n t e r t r i a l  
i n t e r v a l ,  and order  of p re sen ta t ion  remained, f o r  each dog, exac t ly  the  same 
a s  during the  o r i e n t i n g  phase. There were 25 t o  150 t r i a l s  of re inforced  tones 
(CS+) and t h e  same number of unreinforced tones (CS-) p e r  dog ( seve ra l  d a i l y  
sess ions) .  

Ext inc t ion  and Reconditioning Phases: In  t h e  e x t i n c t i o n  phase, t h e  r e i n -  
forcement was omitted and t h e  CSs were presented a lone  f o r  30 t o  100 t r i a l s  
f o r  3 t o  10 days. During recondi t ioning,  reinforcement t o  t h e  fo re l eg  was 
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resumed following a l l  t h e  tones of t he  same frequency used i n  t h e  condi t ioning 
phase. Only two dogs were subjec ted  t o  e x t i n c t i o n  and recondi t ioning.  

Rcsu 1 ts 

‘fie r e s u l t s  showed s i g n i f i c a n t  beat-by-beat changes i n  h e a r t  r a t e  
and blood p res su re  during o r i e n t i n g  and condi t  ioning . 

Figure 2 i l l u s t r a t e s  beat-by-beat HR changes during t h e  o r i e n t i n g  and 
condi t ion ing  phases i n  dogs Night and Aggie. The a n a l y s i s  of t h e  o r i e n t i n g  
phase included a t o t a l  of 75 t r i a l s  f o r  Night and 60 t r i a l s  f o r  Aggie. The 
condi t ion ing  phase included a t o t a l  of  153 t r i a l s  f o r  Night and 111 t r i a l s  f o r  
Aggie. The o r i e n t i n g  and condi t ion ing  t r i a l s  were divided i n t o  series of  25 
t o  40 t r i a l s  t o  determine consis tency of t h e  card iovascular  changes produced 
by the  audi tory  s i g n a l s ,  which produced e i t h e r  a motor OR i n  the  o r i e n t i n g  
phase o r  a motor CR i n  the  condi t ion ing  phase. 
ing,  tu rn ing  the  head, and looking around. The motor CR cons is ted  of defens ive  
withdrawal and l i f t i n g  of  the  fo re l eg  t o  which the  US was appl ied.  During 
the  o r i e n t i n g  and condi t ion ing  phases the re  was a sudden i n i t i a l  HR-decrease 
a t  the  onse t  of t he  audi tory  s t i m u l i .  The i n i t i a l  dece le ra t ion  of HR var ied  
between 5 and 25 bpm below pre-stimulus HR and occurred on the  f i r s t  card iac  
cyc le  a f t e r  t he  onset  of t he  tones. During o r i e n t i n g  t r i a l s ,  immediately a f t e r  
t h i s  i n i t i a l  dece le ra t ion  of HR the  r a t e  began t o  increase  s l i g h t l y  i n  Night 
and more s i g n i f i c a n t l y  in  Aggie. In  Aggie, the  acce le ra t ion  of  HR dur ing  OR . was more accentuated t o  the  tone of 512 cps than t o  the  tone of 256 cps. During 
the  condi t ion ing  phase, t h e  HR-CR cons is ted  of an acce le ra t ion  i n  HR of  about 
30 bea ts  above pre-stimulus levels. In  Night (upper curves) ,  t h e  HR-CR was 
d i f f e r e n t  from t h e  HR-OR i n  t h e  degree t o  which acce le ra t ion  occurred a s  a CR 
and a l s o  i n  terms of d i f f e rences  i n  h e a r t  r a t e  responses t o  tones of CR and 
a l s o  i n  terms of d i f f e rences  i n  h e a r t  r a t e  responses t o  tones of 256 and of 
512 cps,  a s  shown i n  Figure 2. In  Aggie (lower curves) ,  t h e  r e s u l t s  showed 
some s i m i l a r i t i e s  between the  HR-OR and the  HR-CR, but! t h e  l a t t e r  showed 
a g r e a t e r  acce le ra t ion  during the  CS+ (e spec ia l ly  condi t ion ing  series 4 ) .  
The resu l t s  shown i n  F igure  2 i l l u s t r a t e  d i f f e rences  i n  t h e  response p a t t e r n s  
of t he  HR-OR and the  HR-CR. However, it is evident  t h a t  i n  these  two dogs t h e  
i n i t i a l  dece lera tory  component a t  t h e  onset  of t h e  tone p e r s i s t e d  throughout 
o r i e n t i n g  and condi t ioning.  Another i n t e r e s t i n g  f ind ing  was t h a t ,  while  no 
c l e a r  d i f f e r e n t i a t i o n  of  t h e  sudden i n i t i a l  dece le ra to ry  response was observed 
during o r i en t ing ,  a f t e r  condi t ioning the re  was a tendency f o r  i t  t o  become 
more accentuated during re inforced  CS. 

The motor OR cons is ted  of  mov- 

I n t r a - a r t e r i a l  s y s t o l i c  and d i a s t o l i c  BP and HR w e r e  measured concurrent ly  
during condi t ioning in  four  dogs (Fig.  3A, 3B). BP, i n  the  four  dogs, followed 
the  HR except t h a t  t h e  BP-CRs w e r e  no t  a s  prominent a s  t he  HR-CRs. Helen and 
Foxy showed no d i f f e r e n t i a t i o n  i n  HR between t h e  two tones during o r i en t ing ,  
whereas during condi t ion ing  t h e  HR-CR was d i f f e r e n t i a t e d .  Foxy had a HR-CR 
about 60 bea ts  above pre-stimulus levels, much more prominent than HR-OR. The 
US produced an uncondi t ional  acce le ra t ion  i n  h e a r t  r a t e  (HR-UR) (Fig. 2,3AJ3B, 
small  arrows) with the  maximum value  higher  than t h e  peak va lue  of t he  HR-CR. 
On t h e  o the r  hand, the  BP uncondi t ional  r e f l exes  (BP-URs) were confounded because, 
i n  s p i t e  of cons i s t en t  a c c e l e r a t i v e  HR-URs, Helen and Foxy showed decreases  i n  
s y s t o l i c  and d i a s t o l i c  BP-URs; another  dog (Mike) showed an increase  in  s y s t o l i c  
and d i a s t o l i c  BP a s  a TJR; and the  four th  dog (Fancy) showed an increase  in  
d i a s t o l i c  bu t  no t  s y s t o l i c  BP changes a s  a BP-UR. 
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Figures 4A & 4B show t h e  results of e x t i n c t i o n  and recondi t ion ing  
procedures i n  E lo i se  and J e f f .  In  E lo i se  f o r  more than 30 t r i a l s  during t h e  
f i r s t  four  experimental  sess ions  while  t h e  reinforcement was e n t i r e l y  omitted,  
t he  H R  increase  during the  p o s i t i v e  CS continued p r a c t i c a l l y  unchanged, with 
good d i f f e r e n t i a t i o n  maintained. Eventually,  a f t e r  t en  se s s ions  ( t h e  l a s t  
four  of which a r e  shown under " l a t e r  ex t inc t ion"  i n  Figure 4A), the  HR increase  
diminished markedly, though t h e r e  was s t i l l  a smal l  HR increase  t o  the CS+, 
with d i f f e r e n t i a t i o n ,  Reconditioning, during which reinforcement was resumed, 
r ees t ab l i shed  t h e  HR increase  a t  t he  pre-ex t inc t ion  level. The o the r  dog, 
J e f f ,  which received a s h o r t e r  series of e x t i n c t i o n  t r i a l s ,  showed e x t i n c t i o n  
of the  HR-CR t o  the  CS+; but  t he  sudden HR-decrease and BP-decrease t o  the  
CS+ continued t o  occur j u s t  a s  during the  condi t ion ing  procedure, whereas t h e  
CS- continued t o  produce a less prominent sudden HR-decrease o r  BP-decrease. 
Reconditioning caused reestabl ishment  of the  subsequent HR and BP C R s ,  with 
d i f  f e r e n t  i a  t ion. 

A s  shown i n  F igure  5, one dog (Queenie), a f t e r  development of CRs,  
underwent a procedure which we' found u s e f u l  i n  a t tempting t o  d e l i n e a t e  the  
r o l e  played by muscular and r e s p i r a t o r y  movements i n  card iovascular  condi t ion-  
ing. In  order  t o  r u l e  o u t  t h e  p o s s i b i l i t y  t h a t  t h e  HR-CR and BP-CR were 
secondary t o  muscular movements, w e  administered d- tubocurar ine i n  the  dose 
of 0.5 mg/kg and, on a l a t e r  occasion, succ inylchol ine ,  10 mg/kg intravenously.  
The dog was paralyzed by the  drugs and was v e n t i l a t e d  a r t i f i c i a l l y  f o r  30 t o  
40 minutes. A s  Figure 5 shows, BP-CRs were only s l i g h t l y  a f f e c t e d  by the  drugs, . 
whereas muscular movements of a l l  types ,  including r e s p i r a t o r y  movements , were 
abo 1 ished . 

Analysis of t he  da t a  from a l l  t h e  dogs (see Figs.  2 through 5) ind ica t e s  
t h a t  four of them exhib i ted  t h e  prominent sudden i n i t i a l  HR-decrease t o  tones 
during o r i e n t i n g  t r a in ing .  In  two of t hese  (Aggie, J e f f )  , during condi t ioning 
t h e  i n i t i a l  dece le ra t ion  of HR occurred more prominently than during o r i en t ing .  
In  add i t ion  t h e r e  was g r e a t e r  dece le ra t ion  i n  response t o  t h e  CS+ than t o  the  
CS-, which is evidence of d i f f e r e n t i a t i o n  between tones with respect t o  the  
i n i t i a l  HR-drop. Night continued t o  show t h e  prominent dece le ra t ion ,  but  
without cons i s t en t  d i f f e r e n t i a t i o n  between tones with r e spec t  t o  t h e  i n i t i a l  
HR-drop. Night continued t o  show t h e  prominent dece le ra t ion ,  but  without con- 
s i s t e n t  d i f f e r e n t i a t i o n  between t h e  tones. The l a s t  of  t he  four  dags (Helen) 
showed no i n i t i a l  HR-decrease a f t e r  condi t ioning.  A l l  four  dogs which, p r i o r  
t o  condi t ioning,  had not  shown the  i n i t i a l  dece le ra t ion ,  a f t e r  condi t ioning 
showed it t o  some exten t .  Queenie showed the  marked dece le ra t ion  c h a r a c t e r i s t i c  
of some of t h e  previous dogs (20 t o  30 bpm HR-drop). Foxy, Mike, and ErLoise 
showed only small  i n i t i a l  HR-drops of 5 t o  10 bpm. The n in th  dog, on which 
t h e r e  were no da ta  p r i o r  t o  condi t ioning,  showed 20 bpm i n i t i a l  HR-deceleration 
during condi t ioning.  HR-acceleration, beginning on the  second t o  four th  card iac  
cyc le  a f t e r  onse t  of t h e  CS+ occurred i n  a l l  n ine  dogs. F ive  dogs (Night, Aggie, 
Helen, Mike, J e f f )  showed s i m i l a r  HR-acceleration phenomena: the  HR reached 
a maximum on the  t h i r d  t o  seventh ca rd iac  cyc le  a f t e r  onse t  of  the  CS+, there-  
a f t e r  remaining on a p l a t eau  30 t o  40 bpm above base l ine  o r  r e tu rn ing  t o  base- 
l i n e  while  t h e  CS+ continued. 
a 15 bpm HR-increase above the  base l ine  u n t i l  CS terminat ion.  In  c o n t r a s t  t o  
t h e  o the r  s i x  dogs, Foxy, Elo ise ,  and Queenie showed a s t e a d i l y  acce le ra t ing  
HR throughout t h e  dura t ion  of  t he  CS+, maximum HR by the  end of t he  CS+ being 
40 t o  130 bpm above t h e  pre-CS base l ine .  

Fancy showed a s i m i l a r  p l a t eau  e f f e c t ,  with only 
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D i f f e r e n t i a t i o n  between CS-k and CS- was e x c e l l e n t  i n  Night, Helen, Foxy, 
and E lo i se  ( l a r g e  HR-increase t o  re inforced  tones,  l i t t l e  change t o  unrein-  
forced tones ) ;  good i n  Aggie and J e f f  ( l a r g e  HR-increase t o  re inforced  tones,  
sma l l e r  change t o  unreinforced tones) ;  and poor i n  Mike, Fancy, and Queenie 
( l i t t l e  o r  no d i f f e r e n c e  i n  e f f e c t  o f  re inforced  vs. unreinforced tones) .  

During condi t ion ing  both s y s t o l i c  and d i a s t o l i c  BP followed HR f a i r l y  
w e l l  with r e spec t  t o  t h e  e a r l y  p a r t  of t h e  CSf. That is, t h e r e  were i n i t i a l  
drops i n  s y s t o l i c  and d i a s t o l i c  pressures  s imultaneously with t h e  i n i t i a l  
HR-deceleration. BP increased considerably during t h e  subsequent HR-acceler- 
a t i o n .  Ilowever, during t h e  l a t t e r  p a r t  of t h e  acce le ra to ry  phase, Foxy's BP 
decreased while  BR continued t o  rise, and Fancy's BP continued t o  increase  
whi lc  HR dropped. D i f f e r e n t i a t i o n  between tones showed more prominently i n  
131' than i n  HR i n  both Fancy and Queenie. BP w a s  a b e t t e r  i nd ica to r  of condi- 
t i on ing  tlian IIR i n  Helen and J e f f ,  whose upper abso lu t e  HR-CR levels w e r e  l i t t l e  
d i f f e r e n t  from those during HR-OR. I n  these  two dogs, the  BP-CR levels were 
15 t o  20 Irnn Hg h igher  than t h e  BP-OR. 

S t a t i s t i c a l  Tests: Standard devia t ions  f o r  most o f  t h e  dogs tended 
t o  be r a t h e r  l a rge  (10-40) ,  e s p e c i a l l y  f o r  HR, due t o  t h e  prominent s i n u s  
arrhythmia.  

t h e  e i g h t  dogs showed s i g n i f i c a n t  d i f f e rences  between t h e  average maximum HR 
reached during tones of 256 cps and the  average maximum HR dur ing  tones of 

?. 512 cps,  though t h e  abso lu te  HR a c c e l e r a t i o n  from b a s e l i n e  was s i g n i f i c a n t  
i n  f i v e  dogs (Aggie, Helen, Foxy, Mike, J e f f ) .  I n  c o n t r a s t ,  dur ing condi t ion-  
ing the  d i f f e rences  between average maximum HR t o  CSf and maximum HR t o  CS- 
were s i g n i f i c a n t  i n  f i v e  dogs (Night, p <  .001 i n  series 1 and 4 ;  p < .01 i n  
series 2 and 3; Helen, p < 01; Foxy, p < .001; Elo ise ,  p < .001; J e f f ,  p (  ,001). 
Aggie, i n  condi t ion ing  series 4, a l s o  showed a s i g n i f i c a n t  d i f f e rence  (p  < . O l )  
between maximum HR t o  CS+ and maximum HR t o  CS-. 
abso lu t e  HK a c c e l e r a t i o n  from b a s e l i n e  t o  CS-k o r  t o  both tones was s i g n i f i c a n t  
i n  e i g h t  of t h e  n ine  dogs ( i t  w a s  no t  s i g n i f i c a n t  i n  Fancy). 

Despi te  t h i s  l a r g e  v a r i a b i l i t y ,  t-tests usua l ly  showed s t a t i s t i c a l l y  
* s i g n i f i c a n t  changes dur ing  condi t ion ing ,  I n  t h e  o r i e n t i n g  sess ions  none of 

During condi t ion ing  t h e  

Discuss ion 

The use of t h i s  method allows d e t a i l e d  a n a l y s i s  of  card iovascular  r e f l exes  
dur ing  o r i e n t i n g  and condi t ioning.  I n  many dogs t h e r e  is a b iphas ic  card io-  
vascular  r e f l e x ,  t h a t  is, i n i t i a l l y  HR and BP tend t o  decrease suddenly f o r  
one o r  two ca rd iac  cyc les ,  sometimes very markedly, and a f te r  a few b e a t s  
t h e r e  is an increase  i n  HR and BP above a pre-s t imulus base l ine .  This b iphas ic  
p a t t e r n  is no t  evident  i n  HR obtained by count ing the  number of bea ts  i n  the  
whole per iod  of  t he  C S ,  though it can sometimes be seen i n  a second-by-second 
count of  HR. Zeaman and Smith (1965) have shown t h a t  t h e  HR change i n  humans 
during CS f o r  shock is a l s o  b iphas ic ,  though the  phases are  reversed from those  
in  the  dog; t h a t  is, t h e r e  is an i n i t i a l  a c c e l e r a t i o n  and a subsequent dece ler -  
a t i o n .  

This method gives  us a means of determining t h e  l a t e n t  per iod  of t h e  card.io- 
From the  curves w e  determine vascular  changes during o r i e n t i n g  and condi t ioning.  

t he  du ra t ion  of t i m e  from t h e  middle of  t h e  l a s t  R-R i n t e r v a l  before  CS onse t  
u n t i l  t h e  middle of  t h e  R-R i n t e r v a l  represent ing  f i r s t  s i g n i f i c a n t  HR increases  
above the  base l ine ,  which would appear t o  be  t h e  b e s t  approximation of t h e  l a t e n t  
per iod of a HR increase .  By t h i s  method, t h e  l a t e n t  per iod  of  t h e  HR inc rease  
va r i ed  from 1.3 t o  1.6 seconds i n  our  n ine  dogs during o r i e n t i n g  and condi t ion-  
ing. A more c e r t a i n ,  b u t  less s e n s i t i v e ,  measure of  t h e  l a t e n t  per iod is 2 
t o  4 card iac  cyc les  i n  these  same dogs. 
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The f a c t  t h a t  decreases  i n  h e a r t  r a t e  and blood pressure  occurred 
immediately a f t e r  CS onse t  i n  s e v e r a l  of t h e  dogs during the  o r i e n t i n g  
t r a i n i n g  suggests  t h a t  these  relsponses were components of t h e  OR. How a r e  
w e  then t o  i n t e r p r e t  the  f ind ing  t h a t  two of  the  dogs dur ing  condi t ion ing  
showed t h i s  response t o  a pronounced degree t o  the  p o s i t i v e  tones and very 
l i t t l e  t o  t h e  nega t ive  tones? These da t a  suggest  t h a t  the  i n i t i a l  HR 
decrease  can p a r t i c i p a t e  i n  t h e  card iovascular  CR and even i n  d i f f e r e n t i a t i o n ,  
though the  d i f f e r e n t i a t i o n  of  it seems t o  be more d i f f i c u l t  than t h e  d i f f e r -  
e n t i a t i o n  of  the  subsequent HR and BP increase ,  whereas only two dogs showed 
c o n s i s t e n t  d i f f e r e n t i a t i o n  of  t he  i n i t i a l  decrease.  The i n i t i a l  HR decrease 
probably represents  an OR, which i n  some dogs tends t o  ex t inguish  dur ing  the  
CS- while  becoming more pronounced during t h e  CSf. This would mean t h a t  some 
OR components p a r t i c i p a t e  i n  condi t ion ing  and d i f f e r e n t i a t i o n ,  a s  pos tu la ted  
by Sokolov (1960). I n  one of our  dogs (Helen) , t h e  HR increase  occurr ing on 
the  second t o  f i f t h  bea t s  during t h e  CS+ was s i m i l a r  i n  form and magnitude 
t o  the  HR increase  during o r i e n t i n g ,  whereas t h e  HR inc rease  during t h e  CS- 
was much less than t h a t  during o r i en t ing ,  i nd ica t ing  t h a t  d i f f e r e n t i a t i o n  had 
been e s t ab l i shed .  Thus, it seems t h a t  o r i e n t i n g  plays a p a r t  i n  condi t ioning,  
a s  l o g i c a l  and experimental  cons idera t ions  would lead us t o  expect.  However, 
it is  d i f f i c u l t  t o  a s c r i b e  only t o  o r i e n t i n g  t h e  l a r g e  HR and BP changes seen 
i n  s e v e r a l  of our  dogs. 

Our f indings of  r e t e n t i o n  of t he  massive HR inc rease  t o  the  CS+ i n  one 
dog (Elo ise)  and r e t e n t i o n  of t h e  d i f f e r e n t i a t i o n  between CS+ and CS- 
w i t h  respec t  t o  the  i n i t i a l  bradycardia i n  another  dog ( J e f f )  during the  
e x t i n c t i o n  phase support  Gant t ' s  (1960) observat ion t h a t  card iac  CR ' s  ex t inguish  
with d i f f i c u l t y .  
bu t  only a f t e r  n ine  experimental  sess ions ,  o r  more than 80 unreinforced t r i a l s  
of  t h e  CS+. 

Ext inc t ion  of the  HR increase  eventua l ly  d id  occur i n  Eloise ,  

In  our  experiments r e s p i r a t i o n  was cons t an t ly  monitored i n  order  t o  
determine t o  what ex ten t  r e s p i r a t o r y  changes inf luenced t h e  b iphas ic  HR-CR. 
There was no d e f i n i t e  evidence t h a t  the  HR-CR was an a r t i f a c t  of  r e s p i r a t i o n .  
The r e l a t ionsh ips  between the  HR-CR and r e s p i r a t i o n  were not  s i m p l e .  Wood 
and Obr i s t  (1964) have confirmed t h a t  t h e r e  is  a d e f i n i t e  HR dece le ra t ion  i n  
humans a s  a defens ive  HR-CR, which seems t o  be independent of  r e s p i r a t i o n ;  on 
the  o the r  hand, t hese  au thors  have shown t h a t  the i n i t i a l  components of t h e  
b iphas ic  r e f l e x ,  e s p e c i a l l y  t h e  i n i t i a l  a c c e l e r a t i v e  component, may be  secondary 
t o  a r e sp i r a to ry  change. Smith (1963), i n  another  series of experiments, 
obtained an a c c e l e r a t i v e  response during brea th  holding , which ind ica t e s  t h a t  
the  defensive HR-CR i n  humans is modified by brea th  holding. The idea t h a t  
r e s p i r a t o r y  changes inf  h e n c e  the  card iovascular  system by means of  r e f l exes  
mediated through pulmonary a f f e r e n t s  is not  a novel one. Freedman (1951) has 
shown t h a t  r e s p i r a t o r y  changes occur during condi t ioning.  Undoubtedly cardio-  
vascular  CRs a r e  modified by r e s p i r a t o r y  changes. I n  f a c t ,  r e s p i r a t o r y  maneuvers 
can be used a s  a US f o r  e s t a b l i s h i n g  a card iac  CR (Perez-Cruet, 1962). Never- 
t he l e s s  , w e  hypothesize t h a t  both card iovascular  and r e s p i r a t o r y  CRs  s t e m  from 
some common exc i t a to ry  inf  h e n c e  i n  t h e  c e n t r a l  nervous system, which i n i t i a t e s  
e s s e n t i a l l y  simultaneous outflow of  impulses i n t o  both of  t hese  organ systems. 
The evidence f o r  t h i s  hypothesis  der ives  from card iovascular  changes i n  animals 
paralyzed by cu ra re  (Newton and Gant t ,  1960) and ins tances  of condi t ioning where 
t h e r e  is d i s s o c i a t i o n  between card iovascular  and r e s p i r a t o r y  changes (Malmo, 1963; 
Perez-Cruet and Gantt ,  1961). Perez-Cruet, Newton and Gant t ' s  (1965) observat ions 
of  s inus  arrhythmia d i s soc ia t ed  from r e s p i r a t i o n  during s teady  pant ing a l s o  
ind ica t e  t h a t  cardiovascular  changes can occur independently of  r e s p i r a t i o n .  
Furthermore, t h e r e  is evidence t h a t  the  card iovascular  CRs a r e  e s t ab l i shed  p r i o r  
t o  motor and r e s p i r a t o r y  CRs (P in to ,  Newton and Gantt ,  1957; Gantt, 1960). 
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Our experiments with d- tubocurar ine and succ inylchol ine  ind ica t e  t h a t  
n e i t h e r  r e s p i r a t o r y  nor propr iocept ive  r e f  lexes account f o r  t he  BP-CR. The 
dog was t o t a l l y  paralyzed and was adequately v e n t r i l a t e d  by p o s i t i v e  p re s su re  
a t  a r egu la r  r a t e  of  18 cycles/min. The reduct ion  of t h e  HR changes during 
t h e  C S f  might be in t e rp re t ed  a s  i nd ica t ing  t h a t  the HR-CR is secondary t o  
movement and/or r e s p i r a t o r y  -changes, whereas the  BP-CR is primari ly  due t o  a 
pure ly  c e n t r a l  exc i t a to ry  e f f e c t .  Another more l i k e l y  i n t e r p r e t a t i o n  is 
t h a t  the  c e n t r a l  neu ra l  c o n t r o l  of  HR, through t h e  ca rd iac  nerves,  is more 
markedly a f f ec t ed  by these  drugs than i s  the  neu ra l  c o n t r o l  of BP, thereby 
reducing the  magnitude of HR responses t o  c e n t r a l l y  mediated s t i m u l i .  Evidence 
f o r  the l a t t e r  i n t e r p r e t a t i o n  is noted i n  t h e  remarkable o v e r a l l  HR decrease 
due t o  t h e  d- tubocurar ine and the  succinylchol ine,  and i n  the  f a c t  t h a t  t h e  
US i t s e l f  caused very l i t t l e  HR change under the  drugs.  Perez-Cruet, McIntyre, 
arid P l i sko f f  (1965) found t h a t  c u r a r i z a t i o n  markedly reduced t h e  HR response 
t o  hypothalamic se l f - s t imu la t ion ,  leaving unaffected the  BP response t o  such 
s t imula t ion .  We have a l s o  observed, i n  experiments on o t h e r  dogs t o t a l l y  
paralyzed with d- tubocurar ine,  t h e  sudden HR and BP decrease which commonly 
occurs a t  t h e  onset  of t h e  CS. Black, Carlson and Solomon (1962) have a l s o  
reported both HR-increase and HR-decrease dur ing  t h e  CS i n  dogs paralyzed 
with curare .  

For many years ,  w e  have analyzed HR-CRs by averaging the  number of bea ts  
p e r  5- o r  6-second i n t e r v a l s  across  many t r i a l s .  Therefore the  curves which 
w e  have previously obtained r ep resen t  an o v e r a l l  average. This,  perhaps, may 

changes in  HR. T r i a l - b y - t r i a l  ana lys i s  of o r i e n t i n g  and condi t ioning card iac  
da t a  usua l ly  revea ls  d i f f e rences  between these  two responses,  a s  noted i n  the  
review by Graham (1966) and i n  unpublished s t u d i e s  by Lynch (1966). These 
inves t iga to r s  po in t  out  t h a t  t h e  i n i t i a l  t r i a l s  of an o r i e n t i n g  stimulus usua l ly  
produce IIR dece le ra t ion  whereas the  condi t ioning is usua l ly  acce lera tory  o r  
b iphas ic ,  Since our da t a  represent  averages of many t r i a l s ,  t h e  acce le ra t ion  
u s u a l l y  seen a s  the  HR-OR may be due t o  adding i n  t h e  acce le ra to ry  change 
noted by Graham a s  c h a r a c t e r i s t i c  of l a t e r  o r i e n t i n g  t r i a l s .  

~ be considered a disadvantage when one is  i n t e r e s t e d  i n  measuring t r i a l - b y - t r i a l  

The o v e r a l l  HR-decrease (no subsequent increase)  seen i n  some dogs during 
the  CSi-, a s  noted i n  a footnote  above, appears t o  be a HR-CRY s i n c e  d i f f e r e n t i a -  
t i o n  occurs i n  some of t h e  dogs ( l i t t l e  o r  no HR-decrease t o  CSy). Whether 
t h i s  is condi t ion ing  of a card iac-or ien t ing  response is a quest ion t o  be 
resolved by f u t u r e  experiments. 

Our da t a  show t h a t  each dog has i t s  own card iovascular  p a t t e r n  of  
responding t o  the  CS, v i z . ,  ca rd iovascular  CRY which is f a i r l y  c o n s i s t e n t  from 
sess ion  t o  se s s ion  and i n  some dogs tends t o  t r a n s f e r  i n  a s l i g h t l y  modified 
form o r  only i n  magnitude of change from the  o r i e n t i n g  t r a i n i n g  t o  the  condi t ion-  
ing s i t u a t i o n .  I n  add i t ion  t o  these  s o m e t i m e s  d i s t i n c t  ind iv idua l  p a t t e r n s  of  
cardiovascular  responding, t h e r e  a r e  genera l  p a t t e r n s  of cardiovascular  o r i e n t i n g  
and condi t ioning c h a r a c t e r i s t i c  of t h e  species. The da ta  reported i n  t h i s  paper 
show both the  general  p a t t e r n s  c h a r a c t e r i s t i c  of t h e  dog and some of t he  d i f f e r i n g  
pa t t e rns  among d i f f e r e n t  dogs. 



42 

1 

2 

3 
m 
-1 

a 

- 4  
E 

I- 

5 

G 

7 

“Aggie” 
T O N E  SHOCK 

,ON OFF, P N  ,OFF 

FIG. 1. Method of averaging successive R-R intervals (IXRI) across several 
trials of a CS. Onset and offset of the tone and onset of the shock US are 
synchronized with an R-wave of the EKG. In these tracings the tone-duration 
was 8 RRI. During analysis the last RRIs prior to tone onset (RRI -1) for 
all 7 trials were converted by a computer to HR, then averaged. Working 
backwards, the same procedures were performed for RRI -2 (next to last 
RRI before tone onset), RRI -3, RRI -4, RRI -5. Starting again at tone 
onset, the average HR’s were computed for RRI +1, RRI +2, up to RRI +8 
during the CS. After tone offset averaging continued for 5 beats, as above. 
The curve at bottom shows the beat-by-beat HR averaged for the 7 trials, the 
tone-period being represented by the heavier black line. 
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CEIUA IN FEATURES OF CARDIODYNAMIC CHANGES DURING CARDIAC CONDITIONING I N  
DOCIS. 

The h e a r t  r a t e  cond i t iona l  r e f l e x  (HR-CR) i n  dogs usua l ly  c o n s i s t s  
of a progress ive  a c c e l e r a t i o n  i n  h e a r t  rate (HR) dur ing  a cond i t iona l  
s t imulus  (CS) prev ious ly  r e in fo rced  by aversive s t imu la t ion  t o  a fore leg .  
The p a t t e r n  o f  t he  HR-CR i n  some dogs can a l s o  be b iphas ic  o r  s t r i c t l y  
dece le ra to ry  . 

I n  condi t ion ing  experiments t h e  HR-CR is one o f  t h e  many autonomic 
components accompanying t h e  motor cond i t iona l  r e f l exes .  I n  some experiments, 
however, an independence between motor, r e s p i r a t o r y  and card iovascular  
'condi t ional  r e f l e x e s  has been observed. The independence between voluntary 
(motor) and involuntary (autonomic) cond i t iona l  r e f  lexes  suggest  t h a t  in  
c e r t a i n  ins tances  t h e  c e n t r a l  nervous system can inf luence  s p e c i f i c  a reas  
o f  t h e  body without  mass involvement of physiology systems. 

The main purpose of t h i s  experiment is t o  determine changes i n  var ious  
phys io logica l  parameters w i th in  t h e  card iovascular  system and t o  s tudy the  
dynamics of t hese  func t ions  during c l a s s i c a l  h e a t t  r a t e  condi t ioning.  For 
t?,is purpose techniques f o r  measuring a o r t i c  blood flow (ABF), r i g h t  ven t r i c -  
u l a r  pressure  (RW) and a o r t i c  blood pressure  (BP) ch ron ica l ly  i n  unanesthetized - 
dogs were developed. This experiment is a l s o  designed t o  s tudy  the  r e l a t i o n s  
between the  above card iovascular  func t ions  i n  o rde r  t o  determine t h e  vascular  
mechanisms through which t h e  ca rd iac  cond i t iona l  r e f l exes  can be mediated. 

I n  s i x  dogs electromagnet ic  blood flow probes have been implanted 
around the  ascending a o r t a  f o r  measuring a o r t i c  blood flow; i n t r a - a r t e r i a l  
c a t h e t e r  have been in se r t ed  e i t h e r  through t h e  common c a r o t i d  a r t e r y  and/or 
femoral a r t e r i e s  t o  measure ascending and abdominal a o r t i c  blood pressures  
with techniques descr ibed elsewhere by Perez-Cruet, e t  a l .  (1966); i n  t h ree  
of the  above dogs c a t h e t e r s  were inse r t ed  through t h e  w a l l  of t he  r i g h t  
v e n t r i c l e  t o  measure s y s t o l i c  r i g h t  v e n t r i c u l a r  pressures .  The above i n t r a  
and e x t r a  vascu la r  placements a r e  i l l u s t r a t e d  i n  Diagram 1. 

The bea t - to-bea t  a n a l y s i s  of  an  a c c e l e r a t i v e  h e a r t  r a t e  cond i t iona l  
r e f l e x  t o  pa in fu l  s t imu la t ion  has  revealed c o n s i s t e n t l y  an  increase  i n  the  
s y s t o l i c  r i g h t  v e n t r i c u l a r  pressure  and a s l i g h t  diminution i n  t h e  amplitude 
of the peak a o r t i c  blood flow a t  t h e  onse t  of t h e  accelerative HR-CR as 
shown i n  Figures  1 and 2. Experiments a r e  i n  progress  t o  e l u c i d a t e  the  
dynamics involved i n  t h e s e  card iovascular  changes a s soc ia t ed  with t h e  HR-CR. 
It is premature t o  conclude t h a t  t h e  h e a r t  r a t e  acce le ra r ion  as a HR-CR is  
mediated by the  above changes i n  peak a o r t i c  blood flow o r  s y s t o l i c  r i g h t  
v e n t r i c u l a r  pressure;  however, t h e  da t a  suggest  t h a t  t h e s e  ca rd iac  funct ions 
a r e  a s soc ia t ed  with t h e  ca rd iac  a c c e l e r a t i o n  produced by t h e  cond i t iona l  
nervous e x c i t a t i o n  o f  t he  h e a r t .  

D i f f e r e n t i a l  e f f e c t s  from o t h e r  forms of nervous e x c i t a t i o n  on t h e  
h e a r t  such as  t h e  e f f e c t  o f  a person en te r ing  t h e  experimental  room o r  
p a i n f u l  s t imu la t ion  of  t h e  s k i n  wi th  an e lectr ic  shock were obtained. 
These s t imu la t ions  produced c o n s i s t e n t l y  an inc rease  i n  t h e  amplitude of 
t h e  peak a o r t i c  blood flow and an  inc rease  i n  t h e  s y s t o l i c  r i g h t  v e n t r i c u l a r  
p re s su re  as shown i n  Figures  3 and 4 .  - 
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The tho rac i c  and abdominal a o r t i c  blood pressure  showed an increase  
from 160 t o  190 nun Hg. dur ing  a r e in fo rced  cond i t iona l  s t imulus ('KS), bu t  
no change t o  another  non-reinforced cond i t iona l  s t imulus ( 4 s ) .  See Figure 5. 

I n  summary, t h e  ca rd iac  cond i t iona l  r e f  lexes cons i s t ed  of progress ive  

This progressive a c c e l e r a t i o n  i n  HR was accompanied by an i n i t i a l  
a c c e l e r a t i o n  i n  HR which var ied  from 10 t o  60 bea t s  above pre-stimulus HR 
levels. 
s l i g h t  decrease  i n  t h e  peak a o r t i c  blood flow rep resen t ing  s t r o k e  volume 
and by an increase  in  t h e  s y s t o l i c  r i g h t  v e n t r i c u l a r  pressure.  Thoracic 
and abdominal blood pressures  were a l s o  increased during t h e  M S .  The 
changes in  peak a o r t i c  blood flow dur ing  ca rd iac  condi t ion ing  d i f f e r  from 
those seen during excitement due t o  t h e  e f f e c t  of person where the  peak 
a o r t i c  blood flow was increased. The s t u d i e s  demonstrate t h a t  o the r  card io-  
vascular  funct ions such as peak a o r t i c  flow and r i g h t  v e n t r i c u l a r  pressures  
a l s o  changes during h e a r t  r a t e  condi t ioning.  



PerLpherol Blood 
Pressure 

D U G R A M  1: Diagram i l lus t ra tes  electromagnetic flow probe implanted around 

the ascending aor ta  f o r  chronic measurement of a o r t i c  blood flow; implantation 

of i n t r a - a r t e r i a l  ca the te r  through brachio-cephalic a r t e r y  i n t o  ascending aor ta  

(Central blood pressure) and/or through femoral a r t e r y  i n t o  abdominal aor ta  

(Peripheral  blood pressure); and intra-cardiac ca the te r  inser ted  through the wal l  

of the r i g h t  ven t r i c l e  t o  measure sys to l i c  r i g h t  vent r icu lar  pressure. Chronic 

measurements have been taken f o r  periods ranging from 10 days t o  2'5 months. 
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us 

J 

heart rate i n  beats per minute; R t o  R 

interval ;  and cent ra l  ao r t i c  blood 

pressure (direct  i n t r a -a r t e r i a l  with 

the t i p  of the catheter  i n  the ascending 

aorta  as shown i n  Diagram 1). Note 

tha t  there is a decrease i n  the peak 

ao r t i c  blood flow and an increaee i n  

r i gh t  vedtr icular  pressure during the CS 

a8 shown by the f i r s t  heavy arrow. The 

data represent an average of f ive  t r i a l s .  

c. CONDITIONING T 2 5 6  .t us 

FXGWRE 2: Changes i n  respirat ion,  ao r t i c  blood flow, r igh t  ventricular pressure, 

ascending ao r t i c  blood pressure and beat-to-beat hear t  rate during a reinforced 

tone T256. US i s  the unconditional s t i m u l u s ,  namely a painful e l e c t r i c  shock t o  

the ekin. 

to a id  the visual  inspection of the changes i n  peak a o r t i c  blood flow. Note the 

i n i t i a l  diminution i n  the amplitude of the pulsa t i le  blood f low a t  the beginning 

Dots on top of the pulsa t i le  blood flow curve were inserted by hand 

of T256 (see heavy ar roe) ,  but an increase in the right ventr icular  pressure, 

heart r a t e  and Jcespiratory r a t e  during presentation of the conditional stimulus 

(T256 ). 
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Aortic BF 

FIGURE 3 : Tracing i l l u s t r a t i n g  

v e n t r i c u l a r  blood pressure,  and 

tachometer when a person e n t e r s  

person e n t e r i n g  ( in)  or l eav ing  

that the excitement produced by 

in out 21 Oct. 1965 

p u l s a t i l e  ascending a o r t i c  blood flow, r i g h t  

beat-by-beat heart rate from a Gi l ford  ca rd io -  

the experimental room. 

(out) t h e  experimental soundproof room. 

Heavy arrows i n d i c a t e  

Note 

the person e n t e r i n g  the room produces an inc rease  

i n  the ardplitude of the  a o r t i c  blood flow and simultaneously Sncreases in r i g h t  

v e n t r i c u l a r  pressure and heart rate. 

blood flow r ep resen t s  approximately 90 cc/min. of blood flowing through the 

flow probe. 

I n  t h i s  t r a c i n g  1 rmn change i n  the p u l s a t i l e  
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PI0UR.E 4: Tracing i l l u s t r a t e s  aor t ic  blood flow, electrocardiogram, 

r igh t  ventricular pressure  and heart  rate before, during and a f t e r  a 

reinforced conditional s t i m u l u s  T256 and to a non-reinf orced conditional 

s t i m u l u s  "512. 

electric shock (US) t o  the skin are seen a f t e r  arrows and US. 

Changes i n  these cardiovascular parameters to a painful 

Note that 

during T256 there is a s l i g h t  diminution i n  the peak aortic blood flow, 

and an increase i n  r igh t  Ven t r i cu la r  pressure and heart  rate (HR-CR). 

painful e l ec t r i c  stimulation (US) produced a marked increase i n  the amplitude 

of the peak blood flow, r igh t  ventricular pressure and heart  ra te .  

The 
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FIGURE 5:  I l l u s t r a t e s  peripheral  (abdominal) s y s t o l i c  (S ) and d i a s t o l i c  (D ) 

a o r t i c  blood pressure and cen t r a l  (ascending ao r t a )  s y t o l i c  (Sc) and d i a s t o l i c  (D,) 

blood pressure recorded simultaneously during a re inforced (NS) and a non-reinforced 

P P 

(-CS) condi t ional  s t i m u l u s .  Note t h a t  during the reinforced condi t ional  s t i m u l u s  

there i s  an increase i n  the cen t r a l  and per ipheral  a o r t i c  blood pressure. The 

blood pressure response during the +CS i s  greater  i n  the D, than i n  the Dp but there 

i s  no difference i n  thLs response i n  the s y s t o l i c  blood pressure. Painful  s t imulat ion 

(US) produced an i n i t i a l  increase i n  sys to l i c  blood pressures followed immediately 

by a decrease and narrowing of the pulse pressure. Note t h a t  there  is d i f f e ren t i a t ion  

of the blood pressure condi t ional  response t o  the -CS which was never reinforced. 

Measurements of blood pressures were done beat-by-beat and each consecutive beat  

represents a measurement of 10 pressure pulses,  therefore the data summarizes 

1600 individual blood pressure measurements . .'E - 
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HEMODYNAMIC CHANGES ACCOMPANYING VARIOUS PATTERNS OF ' CLASSICAL CARDIAC 
CONDITIONAL REFLEXES I N  DOGS. 

This s tudy was designed t o  examine the  hemodynamic changes accompanying 
var ious p a t t e r n s  of ca rd iac  cond i t iona l  r e f l exes .  The i n t a c t  animal was 
i s o l a t e d  in  a soundproof chamber and r e s t r a i n e d  only by a leash and loose 
s l i n g  under the  abdomen. The cond i t iona l  s t imulus (CS) was a six-second 
tone and t h e  uncondi t ional  s t imulus an e l e c t r i c  shock t o  a leg  of h a l f  second 
dura t ion .  In  12 dogs, h e a r t  r a t e  (HR) and proximal a o r t a  blood flow (ABF) 
were measured cyc le  by cyc le ,  i n  t h e  major i ty  a o r t i c  pressure  (BP) and i n  
some dogs r i g h t  o r  l e f t  v e n t r i c u l a r  pressure  (W) and pulmonary a r t e r y  BP 
were recorded. Severa l  p a t t e r n s  of HR response during t h e  CS were encountered: 
(I)  accc lera tory ,  (11) b iphas ic ,  i n i t i a l  dece le ra t ion  followed by acce le ra t ion ,  
( L I T )  biptiasic,  i n i t i a l  acce le ra t ion  followed by dece le ra t ion ,  and (IV) decel-  
e r a to ry .  During p a t t e r n s  ( I )  and (TI) ,  HR rose  40 t o  80 bea ts  pe r  minute; 
t h e r e  was a measurable reduct ion  i n  ABF, r e f l e c t i n g  s t r o k e  volume, during t h e  
e a r l y  phase of acce le ra t ion  quickly followed by r e t u r n  t o  con t ro l  l e v e l  o r  
above as  HR continued t o  increase.  BP rose  10 t o  30 mm Hg, the d i a s t o l i c  r ise 
usua l ly  preceding the  s y s t o l i c .  Accompanying these  changes a rise of 5 t o  15 mm 
Hg i n  RVP was observed. In  (111), t he  changes w e r e  va r i ab le .  I n  p a t t e r n  (IV), 
ABF increased s l i g h t l y  and BP and s y s t o l i c  RVP f e l l ,  bu t  t he  base l ine  RVP was 
higher  than i n  o the r  pa t t e rns .  A s  i n  exe rc i se ,  though d i f f e r i n g  in  some 
behaviora 1 aspec ts ,  t he  hemodynamic changes during condi t ion ing  obviously involve 
an in t e rp l ay  between important c o n t r o l l i n g  f a c t o r s ,  including HR, pe r iphe ra l  
r e s i s t ance ,  v e n t r i c u l a r  inflow and outflow. 

HEMODYNAMIC CHANGES ACCOMPANYING THE OCULOCARDIAC mFLEX. 

The oculocardiac r e f l e x  (Aschner-Dagnini Reflex) is a r e f l e x  of vaga l  
o r i g i n  charac te r ized  by slowing of h e a r t  r a t e  (HR) during o r  following pressure  
on the  eyebal l s .  The present  s tudy was designed t o  determine changes i n  a o r t i c  
o r  i n f e r i o r  vena cava flow, r i g h t  o r  l e f t  v e n t r i c u l a r  pressure  (RVP o r  LVP) 
and a o r t i c  pressure  (BP) accompanying the  oculocardiac r e f l e x .  Four unanesthetized 
dogs with good oculocardiac r e f l e x e s  were s tudied .  
manually. An electromagnet ic  flow probe was  implanted ch ron ica l ly  on the  ascend- 
ing a o r t a  o r  i n f e r i o r  vena cava. BPs were measured with indwelling c a t h e t e r s  
and Statham BP t ransducers .  

Eyebal l  p ressures  w e r e  exer ted 

Resul ts :  Mean HR during t h e  con t ro l  per iod w a s  142 bea t s  pe r  minute (bpm) 
and during eyeba l l  p re s su re  t h e  HR slowed t o  a mean of 75 bpm. Occasionally 
t h e  HR saowed t o  15 bpm dur ing  s h o r t  per iods of  time and incomplete AV block 
and ex t r a sys to l e s  w e r e  observed. The la tency  of t h e  card iac  r e f l e x  was from 
immediate t o  2 seconds a f t e r  eyeba l l  pressure.  During oculocardiac slowing 
ascending a o r t i c  peak flow and i n f e r i o r  vena cava flow increased s l i g h t l y  (about 
5 t o  107.); s y s t o l i c  RVP decreased s l i g h t l y  ( 4  t o  9 mm Hg.);  sys to ' l i c  LVP decreased 
10 to  20 tlfm Hg; and s y s t o l i c  and d i a s t o l i c  BP decreased 5 t o  38 mm Hg below 
c o n t r o l  levels. The s tudy revealed s i g n i f i c a n t  hemodynamic changes accompanying 
t h e  oculocardiac r e f l ex .  The s l i g h t  increase  i n  peak flow with a decrease i n  
LVP suggest  an ino t ropic  e f f e c t ,  bu t  t h e  s l i g h t  increase  i n  peak ( p u l s a t i l e )  
flow could a l s o  be influenced by an increase  i n  i n f e r i o r  vena cava flow. 
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STUDIES OF INFERIOR AND SUPERIOR VENA CAVA FLOW DURING CARDIAC CONDITIONING. 

I n  a previous progress  r e p o r t  w e  s t a t e d  t h a t  t h e  r i g h t  v e n t r i c u l a r  p re s su re  
(RVP) usual ly  increases  during t h e  acce le ra to ry  HR-CR and the  s y s t o l i c  RVP z 

decreases  s l i g h t l y  during the  dece lera tory  HR-CR. The p resen t  s tudy was 
designed t o  determine i f  t h e s e  increases  and decreases  i n  RVP are inf luenced 
d i r e c t l y  by venous inflow i n t o  the  h e a r t  and i n d i r e c t l y  by t h e  s t r o k e  volume 
(SV). I n  one dog t h a t  had a d e f i n i t e  bradycardia a s  a CR, w e  have found 
t h a t  the  i n f e r i o r  vena cava flow decreases  while  the R W  is a l s o  decreasing. 
This suggests  t h a t  t he  decrease i n  RW is assoc ia ted  wi th  a decrease i n  i n f e r i o r  
vena cava flow. 

This prel iminary da t a  of venous inflow suggests  t h a t  t he  parameter of 
venous inflow is an important one t o  include i n  t h e  measurement of hemodynamic 
changes during ca rd iac  condi t ioning.  

One of t he  most d i f f i c u l t  problems i n  t h i s  chronic  prepara t ion  i n  which 
vena cave flow is recorded is the  kinking of t h e  s u p e r i o r  o r  i n f e r i o r  vena cava. 
This has been solved by cannulat ing the  veins  wi th  a s p e c i a l  blood flow probe. 
Using t h i s  technique w e  have found 3 components of t h e  vena cava flow not  prev i -  
ously descr ibed,  There is a s teady  base l ine  blood flow; 2 )  a nega t ive  and 
p o s i t i v e  r e g u r g i t a t i n g  flow and 3)  a v e n t r i c u l a r  r egurg i t an t  flow. The base- 
l i n e  flow represents  t h e  t r u e  venous flow; t h e  nega t ive  and p o s i t i v e  r e g u r g i t a t i n g  
flow is a backward o r  inward sudden flow produced by a u r i c u l a r  cont rac t ions  
and is  usua l ly  inf luenced by r e s p i r a t i o n ;  the  v e n t r i c u l a r  r egurg i t an t  flow is 
produced by the  v e n t r i c u l a r  cont rac t ions ,  but  i t  is no t  known a t  present  whether 
t h e r e  is a v e n t r i c u l a r  venous r egurg i t a t ion  i n  t h e  dog. An a n c i l l a r y  p a r t  of 
t h i s  s tudy is  the  r e l a t i o n s h i p  between pe r iphe ra l  r e s i s t a n c e  and venous flow, 
Prel iminary da t a  suggest  t h a t  venous blood flow increases  with an increase  i n  
pe r iphe ra l  r e s i s t a n c e .  The r e l a t i o n s h i p  of  t hese  hemodynamic changes a r e  s t i l l  
under inves t  iga t ion. 
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OPERANT CONDITIONING OF HEART RATE IN MONKEYS 

The modif icat ion of card iac  funct ions by the  experimental  c o n t r o l  of 
environmenta 1 consequences wi th in  t h e  operant condi t ion ing  framework has 
received increas ing  experimental  a t t e n t  ion i n  s e v e r a l  r ecen t  research  
repor t s .  Although i n i t i a l l y  unsuccessful  a t t e m p t s  t o  develop an operant  
d i scr imina t ion  i n  humans based upon h e a r t  r a t e  changes were repor ted  by 
Mandler and Kahn (1960) and negat ive  r e s u l t s  were obtained by Harwood 
(1- i n  an at tempt  a t  operant condi t ioning of  human h e a r t  r a t e  dece ler -  
a t i o n ,  Shearn (1962) d i d  r epor t  success i n  t h e  operant condi t ioning of h e a r t  
r a t e  acce le ra t ion  i n  a wel l -cont ro l led  study with humans. 
Engel and Hansen (1966) obtained p o s i t i v e  r e s u l t s  i n  condi t ion ing  h e a r t  rate 
dece le ra t ion  with human sub jec t s  re inforced  by money f o r  h e a r t  r a t e  slowing. 
S imi la r ly ,  F r a z i e r  (1966) - demonstrated t h a t  h e a r t  r a t e  acce le ra t ion  could be 
cont ro l led  a s  an operant  avoidance response t o  an ex terocept ive  v i s u a l  warning 
s t i m u l u s  i n  the  presence of which shocks were de l ivered  t o  human sub jec t s  
whose h e a r t  r a t e  decreased below predetermined levels. 

And most r ecen t ly ,  

Operant condi t ion ing  of h e a r t  r a t e  has a l s o  been reported r ecen t ly  
by Trowil l  (1966) - by Miller's labora tory  a t  Yale working with i n t r a c r a n i a l  
e l e c t r i c a l  s t imu la t ion  of t he  b ra in  a s  a r e in fo rc ing  consequence i n  curar ized  
labora tory  r a t s .  Animals s e l e c t i v e l y  re inforced  with b r a i n  s t imu la t ion  f o r  
f a s t  h e a r t  r a t e s  showed s i g n i f i c a n t  acce le ra t ion  whereas those re inforced  
f o r  s low h e a r t  r a t e s  showed s i g n i f i c a n t  ca rd iac  dece le ra t ion .  I n  addi t ion ,  
convincing evidence has a l s o  emerged from Miller's labora tory  t o  support  t he  
content ion t h a t  such d i f f e r e n t i a l  h e a r t  r a t e  changes can be brought under 
the  d i sc r imina t ive  c o n t r o l  of ex terocept ive  s t i m u l i  i n  t h e  absence of p o t e n t i a l  
movement a r t i f a c t s .  

The present  experiment a t tempts  t o  extend some of t hese  f indings with 
r e spec t  t o  the  operant  condi t ion ing  o f  card iac  funct ions t o  t h e  rhesus monkey 
u s i n g  p o s i t i v e  reinforcement of h e a r t  r a t e  change under condi t ions  of continu- 
ous environmental con t ro l .  

Seven rhesus monkeys r e s t r a ined  i n  primate c h a i r s  and confirmed i n  sound 
a t t enba t ing  i s o l a t i o n  booths served a s  sub jec t s .  Following a 1 t o  3 week 
c h a i r  adapta t ion  per iod,  a l l  animals were maintained on a 24-hour food depriv- 
a t i o n  schedule and continuous recording of  h e a r t  r a t e  e s t ab l i shed  base l ine  
l e v e l s  p r i o r  t o  i n i t i a t i o n  of  t h e  experimental  manipulations.  

EKG polygraph recordings were obtained from implanted s t a i n l e s s - s t e e l  
t e f l o n  coated e l ec t rodes  i n  the  r i g h t  thorac ic  and l e f t  inguina l  region. A 
commercially a v a i l a b l e  ca rd iac  monitor (Melpar M100-XM1) opera t ing  from t h e  
EKG input de tec ted  h e a r t  r a t e  changes and provided f o r  cont ingent  programming 
of l i qu id  food (Tang) reinforcements.  The ca rd iac  monitor was equiped with 
a mul t ipos i t i on  s e l e c t i o n  device which provided a s i g n a l  a t  preset h e a r t - r a t e  
values  ranging from 20 bea ts  p e r  minute t o  350 bea ts  p e r  minute i n  s t e p s  of 
5 o r  10 bea ts  per  minute. An a d d i t i o n a l  c o n t r o l  parameter of the  card iac  
monitor permit ted programming of t he  prese lec ted  h e a r t - r a t e  s i g n a l  on the  
bas is e i t h e r  of a s i n g l e  beat- to-beat  i n t e r v a l  o r  two consecut ive beat- to-  
bea t  i n t e r v a l s  a t  a spec i f i ed  r a t e .  In  the  l a t t e r  "delayed" con t ro l  pos i t i on ,  
two long h e a r t  cycles  i n  succession a t  the  spec i f i ed  p r e s e t  r a t e  w e r e  required 
i n  order  t o  produce the  programming s i g n a l  which was ac t iva t ed  a f t e r  t he  t h i r d  
p u l s e .  The output  s i g n a l  from the  card iac  monitor provided f o r  de l ive ry  of  
food reinforcement t o  t h e  animal i n  accordance with the  preprogrammed requi re -  
ment f o r  maintenance of  spec i f i ed  h e a r t - r a t e  levels. The number and temporal 
d i s t r i b u t i o n  of these  food reinforcements was recorded continuously on a 
Gerbrands cumulative recorder .  

z 
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Measures of h e a r t  r a t e  were obtained by counting the  number of Rwaves 
i n  t h e  EKG dur ing  10 t o  20-second t i m e  samples s e l e c t e d  from every 2 t o  5- 
minute segment of the  continuous experimental  record.  A count of t h e  number 
of reinforcements programmed by the  card iac  monitor a t  each p r e s e t  h e a r t  
r a t e  a l s o  provided f o r  t he  measurement of ca rd iac  change. 
beat-by-beat ana lys i s  of h e a r t  r a t e  was provided by the  measurement of t i m e  
i n t e r v a l s  i n  m s e c .  between R waves (HR i n t e r v a l ) .  Overa l l  es t imates  of 
operant ca rd iac  c o n t r o l  were a l s o  obtained by measuring the  number of  ca rd iac  
dece le ra t ions  re inforced  over a given t i m e  period. Time samples ranging 
between 1 minute and 9% hours were obtained a t  c r i t i c a l  s t ages  of t h e  exper i -  
ment with a l l  monkeys and t h e  number of card iac  responses meeting t h e  p r e s e t  
c r i t e r i o n  requi red  f o r  reinforcement per  hour was ca lcu la ted .  S t a t i s t i c a l  
ana lys i s  of t he  da t a  was provided by histogram d i s t r i b u t i o n s ,  s tandard  devia- 
t i o n s ,  and T - t e s t s .  

In  add i t ion ,  a 

The genera l  procedure f o r  e s t a b l i s h i n g  and maintaining operant  c o n t r o l  
of h e a r t  r a t e  with the  animals s tud ied  i n  these  experiments followed c lose ly  
the  well-known "shaping" approach c h a r a c t e r i s t i c a l l y  assoc ia ted  with operant  
condi t ion ing  techniques.  I n i t i a l  s e t t i n g s  of t h e  ca rd iac  monitor provided 
f o r  programing of t h e  output  reinforcement s i g n a l  a t  h e a r t  r a t e  values approxi- 
mating predetermined base l ines  f o r  each animal with acce le ra t ions  above t h i s  
base l ine  f a i l i n g  t o  produce food. A s  h e a r t  r a t e  slowing increased i n  frequency ~ 

and the  number of reinforcements increased,  the  ca rd iac  monitor s e t t i n g  was 
ad jus ted  t o  r equ i r e  lower h e a r t  r a t e  l eve l s  i n  order  t o  provide t h e  r e in fo rce -  
ment programming s i g n a l .  Adjustments of t he  h e a r t  r a t e  slowing requirement 
were continued i n  progress ive ly  decreasing s t e p s  u n t i l  each animal could no 
longer m e e t  t he  c r i t e r i o n  f o r  reinforcement and no food was obtained over 
an extended per iod.  A t  t h i s  po in t ,  t he  monitor was set  t o  r e i n f o r c e  t h e  
minimum ca rd iac  r a t e  which could be maintained by each animal and extended 
samples of  such operant  ca rd iac  con t ro l  were obtained.  The e f f e c t  o f  f ree-  
feeding upon the  h e a r t  r a t e  level under these  condi t ions  was explored and the  
course of r e a q u i s i t i o n  of such operant  h e a r t  r a t e  c o n t r o l  was inves t iga ted  
with s e v e r a l  monkeys. 

S i x  of t h e  seven monkeys serv ing  a s  sub jec t s  i n  the experiment showed 
c l e a r  evidence of operant  c o n t r o l  over both h e a r t  r a t e  slowing and frequency 
o f  s inoaur i cu la r  s t a n d s t i l l  ("droped" bea ts ) .  Figure 1 i l l u s t r a t e s  t he  
spontaneous appearance of "dropped" bea ts  i n  t h e  EKG record i n  a monkey 
before  condi t ion ing  was i n i t i a t e d .  A s  ind ica ted  by t h e  arrows, t h i s  t r u e  
ca rd iac  event is charac te r ized  by t h e  f a i l u r e  of an a c t u a l  R wave t o  appear 
a t  the  expected i n t e r v a l  followed by a temporary slowing of t he  h e a r t  r a t e .  
Such s inus  arrhythmia was usua l ly  observed during t h e  pre-experimental  base- 
l i n e  c o n t r o l  per iod when t h e  laboratory no i se  l e v e l  was low and the  animal 
was quiesent .  Figures  2 and 3 i l l u s t r a t e  t he  reinforcement of  such "dropped" 
bea ts  a s  programmed by t h e  card iac  monitor on both a s i n g l e  bea t  b a s i s  (Figure 
2)  and t h e  "delay" contingency b a s i s  requi r ing  t w o  "dropped" bea ts  i n  succes- 
s i o n  (Fig.  3 ) .  

Figure 4 summarized t h e  f ind ings  throughout t he  course of  a continuous 
4-day experiment with Monkey Bobo following app l i ca t ion  of the  "shaping" 
procedure descr ibed above. The da ta  is p l o t t e d  i n  terms of t h e  number of 
re inforced  ca rd iac  responses (hea r t  r a t e  slowing) pe r  hour  f o r  each day a s  
a funct ion of t h e  p r e s e t  r a t e  requirement on t h e  ca rd iac  monitor. The d i s -  
t r i b u t i o n  of such re inforced  responses during t h e  f i r s t  day of exposure t o  
t h e  ind ica ted  "shaping" procedure shows a peak a t  values  around 155 and 160 
bea t s  per  minute which approximates the  predetermined base l ine  h e a r t  r a t e  
levels f o r  t h i s  monkey, 
l a rge r  number of reinforcements were obtained a t  a ca rd iac  monitor s e t t i n g  of 

During t h e  second experimental  day a c o n s i s t e n t l y  
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110 bea t s  pe r  minute, and by t h e  fou r th  day t h e  animal showed a c o n s i s t e n t l y  
high frequency of reinforcement wi th  t h e  requi red  h e a r t  r a t e  s e t t i n g  on t h e  
ca rd iac  monitor a t  115 bea t s  per  minute. 

Figure 5 shows changes i n  h e a r t  r a t e  i n  bea t s  p e r  minute f o r  another  
monkey over a three-day experimental  per iod  c h a r a c e r i z e d  by progress ive ly  
more s t r i n g e n t  h e a r t  r a t e  slowing requirements f o r  food reinforcement.  The 
d a t a  was obtained by count ing the  number of  R w a v e s  dur ing  10-second segments 
of  t h e  EKG record immediately before  (heavy l i n e )  and immediately a f t e r  ( l ight :  
l i n e )  each reinforcement programmed a t  t h e  ind ica ted  s e t t i n g  ( abs i s sa )  of  t h e  
ca rd iac  monitor. In a d d i t i o n  t o  t h e  obvious decrease  i n  o v e r a l l  h e a r t  r a t e  
which developed over  t he  three-day course of  t h e  experiment, a c o n s i s t e n t  
and r e l a t i v e l y  s t a b l e  d i f f e r e n c e  between t h e  p r e -  and post-reinforcement rates 
is r e f l e c t e d  i n  t h i s  da t a  p l o t .  C h a r a c t e r i s t i c a l l y ,  a marked slowing of h e a r t  
ra te  occurred before  reinforcement followed by a t r a n s i e n t  increase  immediately 
following each reinforcement.  S i g n i f i c a n t l y ,  t h i s  post-reinforcement h e a r t -  
r a t e  increase  d id  n o t  invar iab ly  accompany t h e  l i c k i n g  and dr inking  which followed 
de l ive ry  of t h e  Tang. Despi te  t h e  marked decrease  i n  o v e r a l l  h e a r t  r a t e  from 
approximately 180 t o  100 bea t s  pe r  minute throughout t h e  course of t he  t h r e e  
experimental  days,  however, a r e l a t i v e l y  cons tan t  d i f f e r e n c e  approximating 10 
t o  20 bea ts  pe r  minute was maintained between the  pre- and post-reinforcement 
h e a r t  r a t e s .  

Figure 6 summarizes the  h e a r t  r a t e  changes recorded f o r  Monkey M 3  through- 

ous  hours o€  exposure t o  t h e  operant  condi t ion ing  "shaping" procedure descr ibed 
above ( B )  , and 10 continuous hours of "free-feeding' '  fol lowing t h e  condi t ion ing  
s e s s i o n  shown i n  B during which reinforcement was no longer cont ingent  upon 
h e a r t  r a t e  slowing (C). During the  course of the  45-hour condi t ioning sess ion ,  
h e a r t  r a t e  can be seen t o  have dec l ined  from base l ine  values  ranging around 
170 bea ts  pe r  minute t o  operant  con t ro l l ed  r a t e s  approximating 120 bea t s  p e r  
minute. Following removal of t h e  h e a r t  rate slowing requirement and i n i t i a t i o n  
of  t he  " f r ee  feeding" regime, t h e  h e a r t  r a t e  quickly recovered t o  base l ine  levels 
ranging around 170 bea ts  per  minute. 

~ out  17 continuous hours of a p r e t r a i n i n g  base l ine  c o n t r o l  per iod  (A) ,  45 continu- 

In summary, then, t h e  r e s u l t s  of t h e s e  experiments i n d i c a t e  q u i t e  c l e a r l y  
t h a t  t h e  card iac  ra te  of t he  rhesus monkey can be brought under t h e  c o n t r o l  of  
ex terocept ive  environmental consequences wi th in  an operant  condi t ion ing  frame- 
work when de l ive ry  of a l iquid-food reinforcement i s  made cont ingent  upon 
"droped" bea t s  o r  h e a r t  r a t e  slowing. 
i c a l  processes  p a r t i c i p a t i n g  i n  such operant  ca rd iac  responses is f a r  from c l e a r ,  
t h e  f a c t  t h a t  h e a r t  r a t e  slowing and s inus  arrhythmia c o n s i s t e n t l y  followed 
s e l e c t r i v e  reinforcement of  "dropped" bea t s  i n  our  experiments suggests  c o n t r o l  
through c e n t r a l  nervous system o r  vagal  e f f e c t s  upon t h e  h e a r t .  O f  course,  t h e  
r o l e  of  r e s p i r a t i o n  i n  mediating a t  least some of t h e s e  responses must not  be 
overlooked, although i t  seems doubt fu l  on t h e  b a s i s  of Trowil l ' s  f ind ings  with 
curar ized  r a t s  v e n t r i l a t e d  a t  a cons tan t  r a t e  t h a t  r e s p i r a t o r y  r a t e  pe r  se can 
be implicated as t h e  c r i t i c a l  f a c t o r .  Measurements of t i d a l  volume and pulmonary 
a l v e a l o r  exchange, p re sen t ly  d i f f i c u l t  t o  ob ta in  i n  t h e  unanesthet ized monkey, 
may shed some l i g h t  on t h e  r e s p i r a t o r y  mechanisms involved. F ina l ly ,  of  course,  
t h e  r o l e  of musculo-skeletal  i n h i b i t i o n  i n  t h e  mediation of the  conditioned 
ca rd iac  slowing descr ibed  i n  these  experiments is d i f f i c u l t  t o  assess. On 
several occasions i n  t h e  course of  t hese  s t u d i e s ,  however, h e a r t  r a t e  slowing 
was recorded i n  t h e  presence of: concurrent  l i c k i n g  and dr inking  behavior. 

Although t h e  exact na tu re  of  t h e  physiolog- 
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MEASUREMENT OF HEART RATE I N  PRIMATES 

Measurements of h e a r t  r a t e  have been done i n  20 monkeys. Several  
methods f o r  eva lua t ing  h e a r t  r a t e  have been used. W e  have used t h e  most 
common method of counting h e a r t  r a t e ,  t h a t  i s ,  counting t h e  number of R 
waves from t h e  electrocardiograms i n  segments of 6 o r  10 seconds. The 
counts a r e  usua l ly  done by hand and c o l l e c t i o n  of da t a  is usua l ly  very 
tedious.  This method is use fu l  i n  determining h e a r t  r a t e  changes due t o  
stress and t o  s t i m u l i  i n  t h e  environment. Due t o  t h e  enormous amount of 
h e a r t - r a t e  da t a  co l l ec t ed  i n  a 24-hour per iod t h i s  method is very t i m e -  
consuming, 

For t h i s  reason, another  method t o  measure h e a r t  r a t e  was developed. 
In  t h i s  second method, t h e  R wave was used t o  a c t i v a t e  a t r i g g e r i n g  u n i t ,  
which in  tu rn  ac t iva t ed  a Gerbrans cumulative recorder .  The Gerbrands 
recorder  was reset au tomat ica l ly  with a p rec i s ion  d i g i t a l  counter  which had 
been s e t  t o  p u t  an output reset vol tage  every minute. 
a c t u a l  cumulative Gerbrands h e a r t - r a t e  record from a monkey. This method 
is  usefu l  i n  measuring h e a r t  r a t e  f o r  prolonged per iods of  t i m e  ranging 
from 12 t o  24 hours of continuous recording. Figure 2 i l l u s t r a t e s  an 
example of t h e  s e n s i t i v i t y  of t h i s  method i n  experiments where t h e  person 
was used a s  a s t i m u l u s  i n  t h e  environment. 

Figure 1 shows an 

Another method which w e  have used, employs a Gi l ford  cardiotachometer 
t o  count h e a r t  r a t e  beat-by-beat.  The Gi l ford  cardiotachometer is t r iggered  
by the  R wave using a t r i g g e r i n g  u n i t  descr ibed elsewhere (J. Exper. Anal. 
Behav., Vol. 6, pp. 61-64, 1963). Figure 3 i l l u s t r a t e s  beat-by-beat changes 
in  h e a r t  r a t e  from the  Gilford cardiotachometer.  

A four th  method which is being used now, c o n s i s t s  of measuring the  R 
t o  R i n t e r v a l  with a Wir t schaf te r  r u l e r .  Beat-by-beat measurements a r e  
obtained with t h i s  r u l e r  i n  bea ts  p e r  minute. Using t h i s  method, w e  have 
obtained h e a r t - r a t e  d i s t r i b u t i o n  p a t t e r n s  i n  four  monkeys, a s  shown i n  
Figure 4. 
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Figure 3:  This  t r a c i n g  ind ica t e s :  (A) blood p res su re  from the lower 
abdominal a o r t a  and (B) hea r t - r a t e  changes beat-by-beat 
from a Gi l fo rd  cardiotachometer.  A t  A ,  t he  upper po r t ion  
ind ica t e s  s y s t o l i c  p re s su re  and lower ind ica t e s  d i a s t o l i c  
pressure .  S y e t o l i c  p r e s s u r e  was around 150 mm. Hg. 
Dl.astoltc blood presaure w a s  around 86 mm. Hg. A t  B ,  t he  
prc-stimulus h e a r t - r a t e  l e v e l  is about 130 bea t s .  Blood 
p r e s s u r e  and hea r t  rate were recorded simultaneously i n  
t h i s  experiment. The middle por t ion  of t he  record  ( in  - 
o u t )  i n d i c a t e s  t h e  e f f e c t  of person on both blood pressure  
and h e a r t  r a t e  i n  a monkey. Note t h a t  the  s y s t o l i c  
blood pressure  change above p r e - s t i m u l u s  l e v e l  is  about 
50 mm. Hg f o r  t he  s y s t o l i c  pressure  and about 25 mm. Hg 
f o r  t h e  d i a s t o l i c  pressure .  
t he  same period were about 100 bea t s  above pre-s t imulus 
h e a r t - r a t e  l e v e l s .  Time is  ind ica t ed  i n  t h e  absc i s sa .  
Def lec t ions  i n  the  cardiotachometer t r a c i n g  i n d i c a t e  
a r t i f a c t s  due t o  movements. 

The h e a r t - r a t e  changes during 
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Figure 4 :  Heart-rate histograms i n  four  monkeys. Ordinate is  t h e  
incidence i n  percentage of a given h e a r t - r a t e  d i s t r i b u t i o n .  
The absc issa  i s  h e a r t  rate i n  increments of 5 bea ts .  
Monkey V 1  shows a d i s t r i b u t i o n  of h e a r t  r a t e  between 
125 and 185 bpm wi th  a peak d i s t r i b u t i o n  around 140 bpm. 
Monkey #2 shows a d i s t r i b u t i o n  of h e a r t  rate between 
110 and 190 bpm. There is  a double-peak d i s t r i b u t i o n  
a t  125 and 150 bpm. Monkey #3 shows a d i s t r i b u t i o n  of 
h e a r t  rate between 85 and 130 bpm wi th  a peak d i s t r i b u t i o n  
around 105 bpm. 
105 and 170 bpm. There i s  a double-peak d i s t r i b u t i o n  
a t  120 and 130 bpm. 
be accomplished by using increments i n  t h e  absc issa  between 
10 t o  20 beats.  The hea r t - r a t e  histogram information i n  
monkeys resembles similar da ta  obtained i n  dogs. Heart- 
rate d i s t r i b u t i o n  may be usefu l  i n  studying p e r i o d i c i t y  
p a t t e r n s  and the  e f f e c t  of weightlessness on h e a r t  rate. 
In  normal hea r t - r a t e  d i s t r i b u t i o n ,  t he re  i s  a tendency 
of a maxima which is s h i f t e d  s l i g h t l y  t o  t h e  l e f t .  
Excitement, f e a r  and o ther  emotional r eac t ions  usua l ly  
have a tendency t o  s h i f t  t h i s  maxima t o  t h e  r i g h t .  

Monkey #4 shows a d i s t r i b u t i d n  between 

Smoothing of t h e  d i s t r i b u t i o n  can 
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CHRONIC MEASUREMENT OF THORACIC AND ABDOMINAL AORTIC BLOOD PRESSURES I N  
UNANESTIIETfZED DOGS WITH A RING-CATHETER TECHNIQUE. 

Blood p res su re  i n  chronic  experiments i n  dogs has  been determined by 
d i r e c t  a r t e r i a l  puncture of  a s u p e r f i c i a l  a r t e r y  (1,2,3,4,5,6);  by t h e  
auscula tory  (occlusion)  method (7,8,9,  10,11,12,13,14,15); by an e l e c t r o n i c  
transducing c i r c u i t  wrapped around an a r t e r y  (16);  by an ex te rna l i zed  
a r t e r i a l  loop (17,18); and by a blood pressure  sensor  a t tached  t o  an a o r t i c  
a r t e r i a l  g r a f t  (19).  

The disadvantages of d i r e c t  a r t e r i a l  puncture a r e  t h a t  a very w e l l -  
t r a ined  and coopera t ive  animal is required and t h a t  d a i l y  punctures can 
produce thrombosis, hematoma o r  pa in fu l  a reas .  The auscu l t a to ry  method, 
which e l imina tes  t h e  d i f f i c u l t i e s  inherent  i n  d a i l y  a r t e r i a l  puncture,  gives 
readings of blood pressure  a t  i n t e r v a l s  varying between 10 t o  30 seconds, 
depending on the  v e l o c i t y  a t  which the  p r e s s u r e  i n  t h e  occlusion cuff  is 
re leased .  The auscu l t a to ry  method cannot be used when instantaneous beat-  
to-beat  changes in  blood p r e s s u r e  a r e  measured. In  the  t h i r d  method, employ- 
ing ex t r a - a r t e r  i a  1, transduc ing-elec t r o n i c  c i r c u i t r y  , the  ca l i b r a t  ion of t he  
blood pressure  pick-up, which is usua l ly  a t tached  around the  a r t e r y ,  is  very 
c r i t i c a l ,  and blood p r e s s u r e  measurements a r e  r e l a t i v e  unless  they a r e  compared . with a d i r e c t  a r t e r i a l  reading. 

Because d i r e c t  a r t e r i a l  puncture provides accu ra t e  and ob jec t ive  measure- 
ment of  blood p res su re  and a l s o  descr ibes  beat-by-beat blood-pressure changes, 
t h e  present  technique was developed. I n  order  t o  e l imina te  the  d a i l y  puncture, 
a c a t h e t e r  was in se r t ed  i n t o  the  a r t e r y  and l e f t  i n  p lace  f o r  months. In  
the  i n i t i a l  phase of t hese  s t u d i e s ,  which were begun about f i v e  years  ago, 
s e v e r a l  types of tubing, polyethylene and polyvinyl ,  were used. The polyvinyl 
tubing was f i n a l l y  se l ec t ed ,  because cons tan t  f lush ing  with hepar in  was not 
necessary and kinking of t he  tubing was unl ike ly  t o  occur. Through t r i a l  
and e r r o r ,  w e  found t h a t  i n t r a - a r t e r i a l  ca the t e r s  i n se r t ed  i n t o  t h e  a r t e r i e s  
without attachment t o  surrounding t i s s u e  were usua l ly  r e j e c t e d  o r  pul led out  
acc iden ta l ly .  I n i t i a l l y ,  r ings  f o r  a t t ach ing  the  c a t h e t e r  t o  t h e  a r t e r y  w e r e  
b u i l t  i n to  the  c a t h e t e r s  by hea t ing  the  su r face  of t he  tubing with a s o f t  
flame, but t h i s  t reatment  usua l ly  weakened t h e  wa l l  of t h e  tubing. La ter  
i t  was Found t h a t  r i ngs  could be f lued  t o  t h e  tubing with a non-toxic adhesive 
(Monomer 910 from Eastman). Thus the  f i n a l  innovation i n  the  cons t ruc t ion  
of the  tubing was named t h e  r ing -ca the te r  technique. 

Methods and Materia Is 

Thir ty- f ive  dogs weighing from 5 t o  32 kg were used. Abdominal a o r t i c  
blood pressures  from the  lower t h i r d  of the  a o r t a  w e r e  recorded i n  twenty- 
f i v e  dogs. Thoracic blood pressures  from the  upper t h i r d  of the  ao r t a  w e r e  
recorded in  f i v e  dogs. I n  the  remaining f i v e  dogs, abdominal and tho rac i c  
a o r t i c  p re s su res  were recorded simultaneously with ind iv idua l  c a t h e t e r s  i n se r t ed  
through the  common c a r o t i d  i n t o  the  thorac ic  a o r t a  c l o s e  t o  the  o r i f i c e  of t h e  
brachiocephal ic  a r t e r y  and through the  femoral a r t e r y  i n t o  the  lower t h i r d  of 
the  abdominal a o r t a  above t h e  t r i f u r c a t i o n .  All abdominal a o r t i c  ca the t e r s  
were in se r t ed  through the  femoral a r t e r y .  Thoracic a o r t i c  ca the t e r s  were inser ted  
through the  common c a r o t i d  o r  t h e  b rach ia l  a r t e r y .  

A l l  blood pressures w e r e  obtained in  unanesthet ized dogs in  the  s tanding 
pos i t i on ,  r e s t r a i n e d  s l i g h t l y  by a leash and a small  s l i n g  on the  back. Pressures  
were taken while t h e  dogs were alone in s ide  a 7 x 7 x 7 f t  soundproof room 
with an 80 db sound a t tenuat ion .  The temperature in s ide  the  room was thermo- 
s t a t i c a l l y  con t ro l l ed  t o  74O F. 
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Direc t  a o r t i c  blood pressures  were measured with a P23De Statham 
s t ra in-gage blood-pressure t ransducer ,  an electromechanical  device  which 
transduces minute displacements t o  propor t iona l  r e s i s t a n c e  changes. The 
blood p re s su re  t ransducer  was taped on t h e  thorax of t h e  dog a t  t he  level 
of  Llle  h e a r t .  'llie nominal s e n s i t i v i t y  of t he  s t r a in -gage  c i r c u i t  was 100 +v 
(open c i r c u i t )  pe r  v o l t  input p e r  cm of mercury pressure .  Volume d i sp lace -  
ment was 0.04 cubic  mm per  100 mm Hg pressure .  The output  from the  blood 
pressure  t ransducer  was coupled t o  an Offner s t ra in-gage  coupler  and ampl i f ie r .  
A c u r v i l i n e a r  Offner-Beckman, type R, t r a n s i s t o r i z e d  polygraph was employed 
t o  record the  blood pressure .  

Construct ion of Cathe ters  

Various types of polymeric p l a s t i c  tubing m a t e r i a l s  w e r e  used, such a s  
polyvinyl  tubing (surco c l e a r  from Surprenant Mfg. Co. , Clinton,  Mass .) , 
Resin i te  H i  h e a r t  105 C v iny l  (Borden Chemical Co., Comption, Ca l i fo rn ia )  
and Temflex medical tubing (Minnesota Mining Mfg. Co.). The f i r s t  type of 
polyvinyl  has been used more f requent ly  than the  o the r s .  

The c a t h e t e r s  were c u t  i n  sec t ions  of about 2 to  4 f t .  The dimensions 
of the  tube w e r e :  inner  diameter 0.038 in .  and ou te r  diameter 0.070 in.  
Small r i ngs ,  varying i n  width from 1 t o  2 mm, were c u t  from a p iece  of tubing 
with the  i n t e r n a l  diameter s l i g h t l y  g r e a t e r  than t h e  o u t e r  diameter of the  
blood-pressure tubing. Two o r  t h r e e  r ings  were in se r t ed  and placed 2 t o  4 mm 
a p a r t ,  10 t o  20 cm from one end of  the  tubing ( f i g .  1). One or two drops of  
methyl 2-cyanoacrylate monomer adhesive (Eastman 910 Monomer) were placed 
between the  r ings  s o  t h a t  t he  adhesive spread on both s i d e s  ( s e e  f i g .  2 ) .  
Since excessive app l i ca t ion  of t h e  adhesive usua l ly  weakened the  wa l l  of t he  
polyvinyl  tubing,  any excess was c a r e f u l l y  cleaned with absorbent paper. The 
c a t h e t e r s  were d r i ed  f o r  a t  l e a s t  1 hour. Catheters  with rough sur faces  were 
el iminated.  Cathe ters  w e r e  t e s t e d  by f i l l i n g  them with s a l i n e ,  clamping one 
end and applying p res su re  with a 20 cc  syr inge.  Leaks i n  the  tube were usua l ly  
de tec ted  through t h i s  method. 

Af t e r  t h e  c a t h e t e r s  were implanted, they were occluded wi th  a te rmina l  
plug, which was in se r t ed  in  the  end oppos i te  t o  t h e  a r t e r i a l  implantation. 
The te rmina l  plug was prepared by c u t t i n g  o r  f i l i n g  o f f  the  head of an 18- 
gauge s t a i n l e s s - s t e e l  needle  a t  t h e  base and f l a t t e n i n g  and po l i sh ing  the  
bevel  end. Grip-ivory d e n t a l  cement (manufactured by L.D. Caulk Co., Milford,  
Delaware) was put  i n s i d e  the  bore of t he  needle  and a t  t h e  base was molded t o  
a round end u n t i l  it hardened. This type of te rmina l  s t a i n l e s s - s t e e l  plug i s  
very use fu l  because it is  easy t o  grasp with the  f inge r s  and does not  corrode. 

Su rg ica l  Procedure f o r  Implanting t h e  Ring-Catheter 

A l l  animals were anes the t ized  with sodium pen toba rb i t a l ,  30 mg/kg, 
and surgery was c a r r i e d  out  under a s e p t i c  condi t ions.  Figures  3, 4 and 5 
i l l u s t r a t e s  t h e  s u r g i c a l  steps f o r  implantat ion of a r ing -ca the te r .  For 
abdominal a o r t i c  placements, the  femoral a r t e r y  was palpated and a longi tudina l  
i nc i s ion  of t he  s k i n  was made. Af t e r  t h e  a r t e r y  was exposed 'by using b lunt  
d i s sec t ion ,  t h e  femoral f a s c i a  was cleaned c a r e f u l l y  with a hemostat. Two 
double-0 s i l k  threads w e r e  placed below the  a r t e r y ,  one d i s t a l  and one proximal, 
t o  c o n t r o l  any poss ib l e  acc iden ta l  bleeding; t hese  threads were removed a f t e r  
t h e  r ing -ca the te r  was f ixed  t o  t h e  a r t e r y .  
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Next, t h e  end of t h e  r ing -ca the te r  t o  be in se r t ed  was trimmed t o  t h e  
length  necessary t o  place it i n t o  the  d i s t a l  ao r t a .  The t i p  was c u t  
s l i g h t l y  tapered (30' to  45') t o  f a c i l i t a t e  in t roduct ion  i n t o  t h e  a r t e r y  
a f t e r  arterotomy. 
below the  a r t e r y  a s  a support .  An arterotomy was performed using a - s t a i n l e s s -  
s teel  % c i r c l e -cu rve  cut t ing-edge needle  No. 1834-4 (see Figure 3 ) .  
with iris s c i s s o r s  were usua l ly  too big;  f o r  t h i s  reason a cut t ing-edge needle  
was prefer red .  The r ing-ca the ter  was c a r e f u l l y  in se r t ed  through t h i s  small 
c u t .  I n  most ins tances ,  t h i s  was the  most d e l i c a t e  p a r t  of t h e  s u r g i c a l  pro- 
cedure. I f  a proper  c u t  was made with the  cut t ing-edge needle,  no bleeding 
occurred and blood continued t o  c i r c u l a t e  through the  femoral a r t e r y  while  
t h e  r ing -ca the te r  was i n  place.  I f  t h e  c u t  was too  wide, bleeding around the  
c a t h e t e r  w a s  pro.fuse and necess i t a t ed  l i g a t i o n  of  t h e  femoral a r t e r y .  
of t h e  femoral a r t e r y ,  i n  dogs, has been w e l l  t o l e r a t e d  and w e  have never seen 
any de le t e r ious  e f f e c t s  from t h i s  procedure. 

The f l a t  end of  a s u r g i c a l  kn i f e  handle  No. 3 was placed 

Arterotomies 

Ligat ion 

Once the  r ing -ca the te r  was in se r t ed  properly through the  small c u t  i n  
t h e  a r t e r y ,  it was passed slowly u n t i l  t he  r ings  came c l o s e  to the  opening 
in  the  a r t e r y  (see f i g .  4 ) . i  A double-0 l i g a t u r e  was passed between the  two 
r ings  i n  the  c a t h e t e r  and t i e d  gent ly  around the  tubing ( f ig .  5 ) .  One s i d e  
of the  s i l k  thread was passed c o u n t e r c l o c b i s e  below the  a r t e r y ;  t he  o the r  
was passed clockwise without occluding it, and a square knot was made. The 
l i g a t u r e  was prolonged and a knot placed about 1 c m  f a r t h e r  up the  tube, so 
t h a t  another  t i e  could be placed above the  upper r ing ;  and the  previous pro- 
cedure was repeated. This procedure s t a b i l i z e d  t h e  p o s i t i o n  of  t h e  c a t h e t e r  
i n  r e l a t i o n  t o  t h e  a r t e r y .  
c a t h e t e r  t o  the  surrounding muscular f a sc i a .  The f a s c i a  around t h e  a r t e r y  was 
c losed  with in t e r rup ted  su tu res .  Before t h e  sk in  was closed,  a lead-way s e c t i o n  
of  t he  tubing was placed i n  the  form of  an "S" t o  a l low t h e  movement and poss ib l e  
p u l l i n g  of the  tubing i n  t h e  chronic  s t a t e .  

Fur ther  threads were used t o  f a s t e n  t h e  r ing-  

A twelve-inch, f l e x i b l e  probe, which had an eye a t  one end and a smooth 
t i p ,  and t o  which the loose end of t h e  polyvinyl  tubing was  a t tached ,  was passed 
subcutaneously from the  femoral region of t h e  neck. The tubing was brought 
ou t  t o  t h e  s u r f a c e  of the  neck through a smal l  s u r g i c a l  wound. Figure 6 shows 
two methods o f  anchoring the  tubing t o  the  neck. 
a t  t h e  neck, i t  was fastened by adding one or two r ings  and i t  was a t tached  t o  
t h e  s k i n  with a s i n g l e  su ture .  A t  b, a 1.5 c m  i n c i s i o n  was made and the  r ings  
were f ixed  t o  t h e  underlying muscle; t h e  remainder of t h e  tube protruded through 
a smal l  opening which was made about 1 cm above t h e  perpendicular  t o  the  1.5 c m  
inc is ion .  The wound was closed and a loop s u t u r e  was  placed around the  tube. 
The e x t e r n a l  por t ion  of t he  r ing-ca the ter ,  which protruded from t h e  neck, was 
r o l l e d  and taped with masking tape.  An e l a s t i c  bandage, 4 inches wide, was 
wrapped around t h e  neck t o  cover and p ro tec t  t he  tubing. Permacel waterproof 
tape  o r  white  medical adhesive tape was then put  on top of t he  ace bandage. 

A t  2, where t h e  tube protruded 

Flushing , Procedure 

P r i o r  to implantat ion i n t o  t h e  a r t e r y ,  t h e  polyvinyl  r ing-ca the ter  was 
f i l l e d  with an an t icoagulant  (heparin,  1000 USP unitsfml--10 mg/ml). The 
volume necessary t o  f l u s h  the  tubing was determined during the  cons t ruc t ion  of 
t h e  ca the t e r .  



Routinely during f lush ing ,  b r i g h t  blood was allowed t o  come back through 
the  tubing a f t e r  removal of  t h e  terminal  plug. Any poss ib l e  c l o t s  were trapped 
i n  a d i sposable  syr inge ,  which could be used f o r  applying negat ive  pressure.  
Af te r  t h i s ,  t he  c a t h e t e r  was f lushed f i r s t  with normal s a l i n e  and then wi th  
hepar in  so lu t ion .  Ektreme c a r e  was taken t o  e l imina te  any bubbles i n  t h e  
tub ing  o r  i n  the  t ransducer  during the  recording of  blood pressure .  

I n  order  t o  avoid damage t o  t h e  tubing dur ing  d a i l y  f lush ing ,  a s o f t -  
t i p  hemostat was employed t o  clamp the  tubing. The s o f t - t i p  of  t he  hemostat 
was b u i l t  by i n s e r t i n g  a p i ece  of rubber tubing on each end o r  by wrapping t h e  
ends of t he  hemostat with one o r  two l aye r s  of adhesive tape.  

A t  t h e  end of t h e  experiment, t h e  c a t h e t e r  was always f i l l e d  wi th  heparin.  
An important precaut ion  t o  avoid t h e  r e t u r n  of blood i n t o  t h e  c a t h e t e r  before  
c los ing  it  with t h e  te rmina l  plug was t o  clamp t h e  tubing while  i t  was being 
f lushed with heparin.  

We found t h a t  some c a t h e t e r s  could be l e f t  unattended f o r  per iods 
ranging from one week t o  one month. b u t i n e l y ,  no f lu sh ing  was done dur ing  
weekends. In  some cases  where f lush ing  was done every week, a s t ronge r  hepar in  
s o l u t i o n  (20,000 USP uni t s /ml)  was employed. 
used with caut ion  and only enough t o  f i l l  t h e  c a t h e t e r  was in j ec t ed .  

Calculat ions of Blood Pressure  

This s t r e n g t h  of heparin was 

The blood pressure  was manually determined by measuring t h e  peak of  t h e  
pressure  wave a s  the  s y s t o l i c  pressure  and t h e  trough of t he  pressure  wave a s  
t h e  d i a s t o l i c  p re s su re .  The Statham transducer  was c a l i b r a t e d  d a i l y  with a 
mercury manometer and a l l  readings were recorded i n  mm Hg. 
pu lses  w e r e  analyzed i n  each dog f o r  s y s t o l i c  and d i a s t o l i c  pressures .  A l l  
peak s y s t o l i c  pressures  were averaged. A l l  d i a s t o l i c  pressures  corresponding 
t o  each ind iv idua l  peak s y s t o l i c  pressure  were a l s o  averaged. The blood pressure  
values shown i n  our da t a  r ep resen t  the  a r i t hme t i c  mean of ind iv idua l  peak 
s y s t o l i c  pressures  and ind iv idua l  d i a s t o l i c  pressures .  The ind iv idua l  o r  t o t a l  
averages make no r e fe rence  t o  t h e  t r u e  mean a r t e r i a l  p ressure  which is determined 
by in t eg ra t ing  the  a r t e r i a l  pu lse  waves o r  by techniques descr ibed elsewhere (20).  
Pulse  pressures  w e r e  computed by sub t r ac t ing  t h e  ind iv idua l  average d i a s t o l i c  
pressure  from the  ind iv idua l  average s y s t o l i c  pressure .  

Ind iv idua l  pressure  

The r e l i a b i l i t y  of t h e  method was assessed using techniques descr ibed 
elsewhere by Yanof (21) .  F igure  7 i l l u s t r a t e s  t h e  r eac t ion  of t he  manometer 
system t o  dynamic inf luences using Frank's technique t o  genera te  o s c i l l a t i o n s  
i n  the  t ransducer -ca the te r  system. Note t h a t  t h e  dura t ion  of one complete 
damped o s c i l l a t i o n  is d i r e c t l y  propor t iona l  t o  t h e  length of t h e  ca the t e r .  
The frequency response of t h e  system is inverse ly  propor t iona l  t o  t h e  length 
of tubing. These re l a t ionsh ips  a r e  v a l i d  provided t h e  rad ius  of t h e  c a t h e t e r  
rema ins  cons tan t  . 
R e s  u 1 t s 

Direc t  a o r t i c  blood pressures  were measured over per iods of two weeks t o  
twelve months. 

Table I summarized t h e  values of adbominal a o r t i c  blood pressures  i n  

The average abdominal 
t h i r t y  dogs. 
abdominal s y s t o l i c  blood pressure  was 167.9 mm Hg. 
d i a s t o l i c  p r e s s u r e  was 91.0 mm Hg. 
pressures ranged from 138.0 mm Hg t o  199 mm Hg, while the  ind iv idua l  abdominal 
a o r t i c  d i a s t o l i c  pressures  ranged from 67.0 mm Hg t o  114.0 mm Hg. 

A t o t a l  of 11,390 determinations were made. The average 

The ind iv idua l  abdominal a o r t i c  s y s t o l i c  

The pulse  
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p res su re  i n  t h e  abdominal a o r t a  ranged from 54 mm Hg t o  115 mm Hg. 

Table I1 summarized t h e  tho rac i c  a o r t i c  blood p res su res  i n  10 dogs. 
A t o t a l  of 3,232 determinat ions were made. The average tho rac i c  a o r t i c  
s y s t o l i c  pre9sure was 156.2 mm Hg. The average tho rac i c  a o r t i c  d i a s t o l i c  
p r e s s u r e  was 103.5 mm Hg. The ind iv idua l  t ho rac i c  a o r t i c  s y s t o l i c  pressures  
ranged from 121.0 mm Hg t o  200.0 mm Hg, while the  ind iv idua l  t ho rac i c  a o r t i c  
d i a s t o l i c  pressures  ranged from 78.0 mm Hg t o  147.0 mm Hg. The pulse  pressure  
i n  t h e  tho rac i c  a o r t a  ranged from 35 mm Hg t o  72 mm Hg. Two dogs showed 
unusually high tho rac i c  a o r t i c  blood p res su re  (see dogs No. 9 and 10). Dog 
9 w a s  an o ld  dog (approximately age: 13 yea r s )  and Dog 10 was a puppy. 

Figure 8 i l l u s t r a t e s  simultaneous tho rac i c  (A) and abdominal (B) p res -  
su res  recorded i n  a dog with c a t h e t e r s  of exac t ly  equal  length.  Note t h a t  
t h e  average s y s t o l i c  p re s su re  (158.6 mm Hg) i n  the  tho rac i c  ao r t a .  I n  t h i s  
t r a c i n g  the  average d i a s t o l i c  p re s su re  in  the  abdominal a o r t a  is s l i g h t l y  
lower (2 mm Hg) than i n  the  tho rac i c  ao r t a ,  bu t  i n  t h e  major i ty  of determin- 
a t i o n s  the  average thorac ic  d i a s t o l i c  pressure  is usua l ly  much h igher  than 
the  abdominal a o r t i c  pressure  a s  shown in  Table I and 11. 

The p a t t e r n  of t h e  p re s su re  wave var ied  i n  some dogs, a s  shown i n  
F igure  9. In  placements close t o  t h e  r e n a l  a r t e r i e s ,  two s y s t o l i c  peaks 
( S )  were usua l ly  observed (Sl and S2), a s  shown i n  Figure 9A and B. 
ments c l o s e  t o  t h e  t r i f u r c a t i o n  of t h e  a o r t a ,  t he  d i c r o t i c  notching was more 
prominent and a t  t h i s  level double s y s t o l i c  peaks were not  commonly seen, a s  
shown i n  Figure 9C and D. This conf igura t ion  of t h e  pressure  pu l se  wave with 
two s y s t o l i c  peaks was no t  an a r t i f a c t ,  as  it was observed c o n s i s t e n t l y  f o r  

In  place- 

and was not  a l t e r e d  by f lushing.  severa 1 weeks 

C lo t t i ng  
d id  not  r e a c t  
imp lan t a t  ions 
from a c l e a r ,  
was extremely 

Discus s.ion 

occurred less with polyvinyl  tubing because t h e  tubing i t s e l f  
a c t i v e l y  with body f l u i d s .  Four t o  n ine  months a f t e r  chronic  
of some c a t h e t e r s ,  i t  was found t h a t  t he  polyvinyl  tubing changed 
c r y s t a l  co lo r  t o  a whi t i sh ,  milky co lo r  and t h a t  i t s  su r face  
s o f t  and smooth. 

The va lue  of abdominal a o r t i c  blood p r e s s u r e s  were s i m i l a r  t o  those  
obtained by o t h e r  i nves t iga to r s  using a d i r e c t  puncture of t h e  femoral a r t e r y .  
Kolls and Cash (2) reported an average blood p res su re  of 165/60 mm Hg (range 
212/104 t o  120/28) i n  12 unanesthet ized dogs. Hamilton, e t  a l ,  (22), using 
an o p t i c a l  hypodermic manometer, reported an average blood p r e s s u r e  of 180/89 
mm Hg in  215 street  dogs (range 275/140 t o  100/30). 

Our inves t iga t ions ,  however, have d isc losed  (a )  t h a t  t he  tho rac i c  s y s t o l i c  
pressures  were lower than abdominal s y s t o l i c  pressures  and (b) t h a t  t h e  tho rac i c  
d i a s t o l i c  pressures  were usua l ly ,  but  not  always, h igher  than the  abdominal 
d i a s t o l i c  pressures .  
(23) ,  who have explained t h i s  phenomenon i n  terms of  superimposit ion of  r e f l e c t e d  
waves upon t h e  fundamental pu l se  form. 

S imi la r  f ind ings  have been repor ted  by Hamilton and Dow 

One d e f i n i t e  advantage of our  technique was t h a t  t he  d i r e c t  puncture 
and i t s  complications during d a i l y  recording were el iminated.  Another major 
d i f f e rence  was t h e  i s o l a t i o n  of the  animals i n  a soundproof room without t he  
presence of t h e  experimenter while  measuring blood pressures .  
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Our technique d i f f e r s  from the  technique of chronic  c a t h e t e r i z a t i o n  
used by Herd and Barger ( 2 4 )  i n  t h a t  t he  a r t e r i a l  wa l l  is pe r fo ra t ed  only 
once by a c u t t i n g  s u r g i c a l  needle  r a t h e r  than a double p e r f o r a t i o n  with a 
hollow needle.  Herd and Barger a l s o  mentioned t h e  u s e  of  a s i n g l e  c u f f ,  
bonded t o  the  c a t h e t e r  with a minute drop o f  cyclohexanone, t o  which a 5-0  
s u t u r e  was a t tached .  They d i d  not  r epor t  measurements of blood p res su re  
i n  dogs. They reported maintaining c a t h e t e r s  open f o r  1 year .  F ixa t ion  
r ings  o r  "bubbles" i n  t e f l o n  tubing have been used previously by Gaertner 
( 2 5 )  i n  i n t r avascu la r  c a t h e t e r s  implanted ch ron ica l ly  i n  humans and dogs 
f o r  chemotherapeutic in fus  ions.  

In  unanesthet ized monlceys res t r a ined  i n  monkey c h a i r s  , Werdegar (26) 
and Forsyth,  e t  a 1  ( 2 7 ) ,  using an amtomatic, a r t e r i a l - i n f u s i o n  pump method, 
have repor ted  continuous measurement of d i r e c t  a r t e r i a l  blood pressures .  
Infus ion  pumps f o r  f lu sh ing  a r t e r i a l  c a t h e t e r s  have been employed previously 
by Lehman ( 2 8 )  t o  prevent c l o t t i n g  i n  the  c a t h e t e r s .  The infus ion  pump 
technique is u s e f u l  i n  s t u d i e s  where an t icoagulant  agents  i n t e r f e r e  with the  
determinat ion of minute amounts of neurohumoral o r  biochemical substances.  
W e  have found t h a t  i t  is not  necessary t o  f lu sh  t h e  c a t h e t e r s  with a pump 
when proper f lush ing  techniques a r e  employed. I n  experiments i n  monkeys, i n  
which w e  have appl ied  t h i s  technique, a r t e r i a l  c a t h e t e r s  could be f lushed 
weekly w i t h  heparin without c l o t t i n g .  

The conf igura t ion  of  t h e  p re s su re  pulse  wave has been s tud ied  previously 
by Otto Frank ( 2 9 ) ,  Ryan, e t  a 1  ( 3 0 )  and many o the r s .  Recently, Th i j s  and 
Knoop (31) have found t h a t  t he  p a t t e r n  of t h e  p re s su re  pulse  wave can be a l t e r e d  
by epinephrine o r  ace ty lchol ine .  In  our experiments, p ressure  pulse  waves 
from abdominal c a t h e t e r s ,  t he  t i p s  of  which were loca ted  below the  r e n a l  
a r t e r i e s  and about 2.5 cm above t h e  t r i f u r c a t i o n  of  t h e  a o r t a ,  showed double 
s y s t o l i c  peaks. Pressure  waves from abdominal c a t h e t e r s ,  t he  t i p s  of which 
were placed c l o s e  t o ,  o r  2 cm above, t he  t r i f u r c a t i o n ,  usua l ly  showed smooth 
s y s t o l i c  peaks and accentuated d i c r o t i c  notches.  

In  one of t h e  techniques f o r  measuring d i r e c t  blood p res su re  ( 3 2 ) ,  t h e  
polyethylene tubing was sea l ed  by burning the  end with a flame. This p r a c t i c e  
is s a f e  with polyethylene tubing but it is hazardous with o the r  p l a s t i c s  which 
produce t o x i c  fumes ( 3 3 ) .  The u s e  of the  metal  t e rmina l  plug e l imina tes  t h i s  
poss ib l e  hazard.  

T h i s  technique has been success fu l  i n  measuring a o r t i c  blood pressures  
i n  unanesthet ized dogs over extended per iods i n  experiments involving condi- 
t ioning of card iovascular  responses ( 3 4 )  and high blood pressure  produced 
by hypothalamic se l f - s t imu la t ion  ( 3 5 ,  3 6 ) .  It has been e s p e c i a l l y  use fu l  i n  
s tudying rap id  changes i n  blood pressure  during var ious types of s inus  
arrhythmia ( 3 7 ,  3 8 ) .  It has a l s o  been employed with rhesus monkeys where 
blood p r e s s u r e s  have been under observat ion f o r  s e v e r a l  months. 
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. .  

Figures 1, 2, 3 ,  4 ,  5. Preparation of ring-catheter and surgical  s t e p s  
f o r  its implantation into  the aorta.  . -  -. - . 
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FIGURE F 6 

Figure  6. Methods f o r  f i x i n g  t h e  r ing -ca the te r  t o  t h e  neck. 

a. r i ngs  ou t s ide  the  s k i n  a t tached  with a su tu re .  
b. r i ngs  under the  s k i n  f ixed  t o  muscular f a s c i a .  
- -  

a 
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Figure 7 .  Frequency response analys is  of transducer-catheter system. 
Individual curves from top to bottom indicate  o s c i l l a t i o n s  from 
transducer plus  several  lengths o f  tubing. Frequency response is i n  
cyc le s  per second (cps) .  
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Figure 8. Tracing i l l u s t r a t i n g  thoracic and abdominal aor t i c  pressures 
recorded simultaneously in the same dog with a ring-catheter of equal 
length and diameter. 
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Table I Abdominal Aortic Blood Pressures 

91 
d 

M)C 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

i l .  

12. 

13. 

14. 

1s. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

- 

I 

Ruas(Mongre1) 

Neron(Edongre1) 

Car ly le(Mongre1) 

Shag(Mongre 1) 

Pepper(Mongre1) 

Troubles (Mongrel) 

Foxy (Mongre 1) 

Nu trneg (Mongrel) 

Fancy (Mongrel) 

Watt (Beagle) 

Aggie( Beagle) 

Fa ts (Dalmatian) 

Rover (Mongrel) 

Gunter(Mongre1) 

Ira(Mongre1) 

Jeff (Beagle) 

Floyd( Terr ier) 

Sigrnund(Mongre 1) 

Sies ta(Mongre1) 

Spotty (De lma t ian) 

Nee t lee (Mongrel) 

Vicky(Beag1e) 

Hobo(Mongre1) 

Becky( Terrier) 

Clove (Mongre 1) 

Shrimp( Beagle) 

Durham( Mongrel) 

Annie(Beag1e) 

Sirius(Spanie1) 

Georgie(Mongre1) 

Total 

SD = Standard Deviation 

Sys tolic 
Pressure 

138.0 

139 .O 

140 .O 

153.0 

157.0 

157 .O 

158.0 

163 .O 

163.0 

165 .O 

166.0 

167 .O 

168.0 

168.0 

169.0 

170.0 

171.0 

171.0 

172.0 

172 .O 

172.0 

173 .O 

173.0 

173.0 

176.0 

181.0 

184.0 

187.0 

192 .O 

199.0 

X 167.9 
- 

Number of D i m  tolic 
2 Obaervafione Preseure 

9.2 200 

6.1 264 

10.4 140 

10.9 126 

24.6 84 

4.2 143 

5.7 200 

8.4 101 

7.1 328 

4.9 264 

6.8 100 

10.5 167 

12.4 84 

14.0 70 

15.7 224 

15.4 505 

7.2 222 

10.3 241 

11.6 42 

14.8 566 

21.8 112 

15.1 281 

5.1 20 

39.1 180 

13.2 14 

19.5 378 

13.9 140 

7.4 100 

11.9 314 

11.6 1,45 

81.0 

67 .O 

77.0 

99.0 

87 .O 

93.0 

82.0 

85.0 

108.0 

83 .O 

83.0 

89 .O 

93.0 

77 .O 

83.0 

88.0 

86.0 

99.0 

95 .O 

108.0 

86.0 

90.0 

106.0 

90.0 

111.0 

104.0 

94.0 

95.0 

77.0 

114.0 
- 

5,695 x 91.0 

X - Average systolic or diastolic pressure 

Number of Pulse - SD Observations Pressure 

12.1 200 

11.3 264 

10.0 140 

9.5 126 

17.7 84 

10.3 143 

12.1 200 

6.8 101 

14.0 328 

10.7 264 

10.9 100 

11.1 167 

10.3 84 

10.0 70 

12.2 224 

10.0 505 

10.9 222 

8.6 241 

7.2 42 

13.7 506 

13.4 112 

16.1 281 

7.9 20 

36.2 180 

9.1 14 

24.6 378 

11.9 140 

10.1 100 

12.0 314 

11.8 145 

5,695 

57 

72 

63 

54 

70 

64 

76 

78 

55 

82 

83 

78 

75 

91 

86 

82 

85 

72 

77 

64 

86 

83 

67 

83 

65 

77 

90 

92 

115 

85 

Weight 

20 

14 

20 

19 

22 

20 

9 

14 

17 

10 

6 

25 

10 

11 

14 

10 

13 

23 

24 

19 

22 

11 

19 

13 

32 

10 

16 

10 

11 

14 
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CHRONIC PAINLESS RECORDING OF INTRA-ARTERIAL BLOOD PRESSURE I N  UNANESTHETIZED 
DOGS. 

The chronic  recording of pa in l e s s  i n t r a - a r t e r i a l  blood p res su re  i n  dogs 
was one of t he  most d i f f i c u l t  problems i n  physiology u n t i l  very recent ly .  
Most measurements of i n t r a - a r t e r i a l  blood p res su re  requi red  h igh ly  t r a i n e d  
d o c i l e  dogs i n  which the  femoral a r t e r y  was punctured wi th  a cannula o r  
needle  (Pavlov, 1879; KDlls and Cash, 1923; Hamilton, B r e w e r  and Brotman, 
1934). 
can i n j u r e  t h e  a r t e r y  and can be  pa infu l .  The auscu l t a to ry  method (Allen, 
1923; Wilhelm, Waldman and McGuire, 1931), which avoids  t h e  in ju ry  t o  t h e  
a r t e r y ,  u sua l ly  causes e x t e r n a l  i n h i b i t i o n  &n t h e  animal during i n f l a t i o n  
of occlusion c u f f s .  Rel iab le  recordings of  i n d i r e c t  blood p res su re  can be 
taken only i f  t h e  animals have been f ami l i a r i zed  wi th  t h e  i n f l a t i o n  of t h e  
occlusion cu f f .  Otherwise, t h e  emotional d i s turbance  w i l l  be superimposed 
on t h e  recording of i n d i r e c t  p re s su re  (Dykman and Gantt ,  1960). Furthermore, 
t he  auscu l t a to ry  method cannot be used f o r  beat-by-beat measurements o f  
blood pressure.  

This technique is l imi t ed  i n  its use because continuous puncture 

The s o l u t i o n  of t h i s  problem has been poss ib l e  due t o  s c i e n t i f i c  and 
technological  progress:  1) advances i n  the  development o f  s t a b l e  and potent  
an t icoagulants ;  2)  t echnologica l  advances i n  the  manufacturing of nontoxic 

crack e a s i l y ;  3)  advances i n  e l e c t r o n i c  instrumentat ion such as t h e  develop- 
ment of s e n s i t i v e  s t ra in-gage  p res su re  t ransducers  no t  a v a i l a b l e  a few years  

a t i o n  with the  innovation of techniques fo r  the  proper f i x a t i o n  of  blood- 
p r e s s u r e  c a t h e t e r s  t o  a r t e r i e s  using anchoring r ings  b u i l t  i n  o r  glued t o  
the  p l a s t i c  tubing (Gaertner,  1964). 

' p l a s t i c s  which n e i t h e r  r e a c t  a c t i v e l y  with b i o l o g i c a l  t i s s u e s  nor kink or 

3 ago; 4) l a s t ,  but  not l e a s t ,  advances i n  t h e  technology of  chronic  implant- 

Me,thods 

Blood pressures  w e r e  recorded i n s i d e  a soundproof room with an a t t enua t ion  
of 81 db. The room temperature was con t ro l l ed  t o  74O F. Techniques f o r  t he  
implantat ion of blood-pressure c a t h e t e r s  have been descr ibed elsewhere (Perez- 
C r u e t ,  Plumlee and Newton, 1966). The blood p res su re  was measured with a 
Statham P23De s t ra in-gage  p res su re  t ransducer .  
gage was performed with a mercury manometer and readings were made i n  m i l l i -  
meters of mercury (m Hg). Most measurements repor ted  i n  t h i s  s tudy  were 
taken a t  t he  beginning of an experimental  sess ion ,  10 t o  15 minutes a f t e r  
t h e  animals were brought i n t o  the  soundproof room. The measurements of blood 
pressure  were taken from t e n  consecut ive pressure  pulses  f o r  each experimental  
day. 
t he  reading a t  t h e  peak of t h e  pressure  p u l s e  a s  t h e  s y s t o l i c  reading and 
t h e  lowest end of t h e  downstroke of t he  pressure  pu l se  a s  t h e  d i a s t o l i c  read- 
ing. Blood pressures  have been determined f o r  per iods ranging from 8 t o  12 
months with c a t h e t e r s  implanted through the  femoral a r t e r y  i n t o  t h e  abdominal 
ao r t a .  

Ca l ib ra t ion  of t h e  s t r a i n -  

Direct  s y s t o l i c  and d i a s t o l i c  blood pressures  were measured by tak ing  

Resul ts  and Discuss ion 

On reviewing t h e  l i t e r a t u r e ,  w e  have not  found any r epor t s  showing 
chronic  recordings of blood pressure  using ch ron ica l ly  implanted i n t r a - a r t e r i a l  
ca the t e r s .  Figure 1 and 2 i l l u s t r a t e  i n t r a - a r t e r i a l  blood p res su re  measurements 
from the lower t h i r d  of t h e  a o r t a  of  dogs Neron and S i r i u s ,  f o r  a perod of 8 - 
t o  12 months. The blood pressure  var ied  between 140 t o  204 s y s t o l i c  and 57 
t o  123 d i a s t o l i c  f o r  S i r i u s ,  and between 135 t o  202 s y s t o l i c  and 62 t o  129 
d i a s t o l i c  f o r  Neron. The two dogs i n  t h i s  r epor t  had been exposed t o  chronic  
hypothalamic s t imula t ion  and had shown t r a n s i e n t  condi t iona l  hypertens ion t o  



an audi tory  s t imulus bu t  d i d  not  develop permanent hypertension.  
found t h a t  blood pressures  w e r e  h ighe r  f o r  t he  win te r  months i n  both 
animals bu t  t h e  mechanism f o r  t h i s  response is no t  w e l l  understood. A 
d e f i n i t e  increase  in  b a s a l  s y s t o l i c  blood pressures  w a s  observed a f t e r  
another  series of  experiments i n  which hypothalamic s e l f - s t i m u l a t i o n  
was employed, as ind ica ted  by a heavy arrow i n  Figure 2. The v a r i a b i l i t y  
i n  day-by-day recording of  blood pressures  has been observed by o t h e r  i n v e s t i -  
ga to r s  using i n d i r e c t  methods. 

It was 

F igure  3 shows t r a n s i e n t  e f f e c t s  produced by hypothalamic se l f - s t imu la t ion .  
The  t r ans  i e n t  neurogenic hypertens ion produced by hypothalamic e l e c t r i c a l  
s e l f - s t i rnu la t ion  adapted very quickly a f t e r  t h e  e l e c t r i c a l  s t imu la t ion  had 
been turned o f €  i n  s p i t e  of  the  f a c t  t h a t  t he  dog continued t o  p r e s s  the  
lever  very ac t ive ly .  This is one example of what w e  c a l l  sch izokines is  
(Gantt ,  1953, 1960), namely a dysfunct ion between t h e  s p e c i f i c  motor behavior 
and the  autonomic nervous system (blood pressure)  changes. Schizokinesis  i n  
t h i s  example is manifest  a s  an adapta t ion  of t h e  blood p res su re  during non- 
s t imu la t ing  lever-press  ing behavior,  t h a t  is , t h e  blood p res su re  is returned 
t o  a base l ine  l e v e l  while  t h e  animal 's  l ever -press ing  behavior ( s p e c i f i c  
motor behavior) i s  ac t iva t ed .  I n  t h i s  dog a l s o ,  a t r a n s i e n t  cond i t iona l  
hypertension t o  a cond i t iona l  audi tory  s t imulus prev ious ly  pa i red  with hypo- 
thalamic s t imu la t ion  f o r  a per iod o f  one yea r  could not  be t o t a l l y  ext inguished 
a f t e r  3,000 continuous p re sen ta t ions  of t he  cond i t iona l  audi tory  s t imulus a s  
shown i n  F igure  4 .  

- 

+ 
Our curves of chronic  recording of d i r e c t  blood p res su re  i n  unanesthet ized 

animals a r e  s i m i l a r  t o  the  chronic  recording of  i n d i r e c t  blood pressure  curves 
reported by F e r r i s  and Hynes (1930). The d i r e c t  blood p res su re  readings i n  
our study were h igher  than those  reported by F e r r i s  and Hynes, because they 
were recorded from the  lower t h i r d  of  t he  a o r t a  where pe r iphe ra l  p ressures  
a r e  usua l ly  higher  than i n d i r e c t  p ressures .  I n  normal dogs, t h e  range of 
pe r iphe ra l  a o r t i c  p r e s s u r e s  v a r i e s  between 138/67 and 199/114 nun Hg. 

The success  of recording d i r e c t  i n t r a - a r t e r i a l  blood p r e s s u r e s  over 
s e v e r a l  months opens t h e  f i e l d  f o r  t he  development of new o b j e c t i v e  techniques 
f o r  s tudying t h e  r o l e  which emotional f a c t o r s  p lay  i n  t h e  development o f  experi-  
mental hypertens ion of  psychogenic o r ig in .  

I 

II 
\ 
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Fig.  1. Chronic d i r e c t  blood pressures  recorded f o r  8 months. Broken 
l i n e  i nd ica t e s  t he  average blood p res su re  per  month. 

Fig.  2. Chronic d i r e c t  blood pressures  recorded for 12 months. Heavy 
arrow ind ica t e s  t he  e f f e c t  of s e l f - s t i m u l a t i o n  experiments on basa l  blood 
p r e s s u r e .  Broken l i n e  is average blood p res su re  per  month. 
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Fig. 3 .  Transient  neurogenic hypertens ion produced by hypothalamic self- 
s t imu la t ion .  ON ind ica t e s  per iod i n  which lever presses  can s t imu la t e  the  
hypothalamus e l e c t r i c a l l y .  OFF ind iaa t e s  per iod i n  which lever presses  do 
no t  s t i m u l a t e  t h e  hypothalamus e l e c t r i c a l l y .  Current i n t e n s i t y  was 1 m i l l i -  
ampere. HSS = hypothalamic se l f - s t imu la t ion .  
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Fig. 4 .  Blood pressure  and instantaneous h e a r t  r a t e  responses t o  an 
audi tory  cond i t iona l  s t imulus during ex t inc t ion .  
responses a t  the  beginning of ex t inc t ion .  
of t he  cond i t iona l  s t i m u l i .  
tone (T 512 o r  T 1600). 

A ,  cardiovascular  condi t iona l  
B, a f t e r  3,000 ex t inc t ion  r e p e t i t i o n s  

+CS e x c i t a t o r y  tone (T 256 o r  T800). -CS i nh ib i to ry  
Paper speed was 5 mm/sec. 
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BLOOD-PRESSURE AND HEART-RATE CHANGES I N  DOGS DURING HYF'OTHALAMIC SELF- 
ST IMULAT ION * 

Recently s e v e r a l  r e p o r t s  have been publ ished concerning h e a r t - r a t e  
(HR) changes during s e p t a l  and hypothalamic s e l f - s t i m u l a t i o n  i n  r a t s  (Malmo, 
1961; Perez-Cruet, Black, & Brady, 1963). Sep ta l  s e l f - s t imu la t ion  usua l ly  
produces a dece le ra t ion  of  HR whereas hypothalamic se l f - s t imu la t ion  (HSS) 
u sua l ly  produces acce le ra t ion .  The magnitude and d i r e c t i o n  of HR changes 
depend on t h e  loca t ion  of the e l ec t rodes  wi th in  t h e s e  a reas .  Malmo (1964) 
found t h a t  s t imu la t ion  of  t h e  l a t e r a l  s e p t a l  a rea  produces dece le ra t ion  of 
HR but  more medial placements produce an i n i t i a l  a c c e l e r a t i o n  followed by 
a dece le ra t ion .  

Although t h e  above s t u d i e s  have shown d e f i n i t e  card iovascular  changes 
during s e l f - s t i m u l a t i o n  i n  r a t s ,  t h e r e  was no information a v a i l a b l e  t o  us 
t h a t  t hese  same changes occur i n  o t h e r  spec ie s .  Furthermore, most s t u d i e s  
concerned with t h e  study of card iovascular  components of s e l f - s t imu la t ion  
have measured only HR. It is t h e  purpose of t h i s  i n v e s t i g a t i o n  t o  study 
blood pressure  (BP) and HR during HSS i n  dogs and to  determine t o  what ex ten t  
t hese  card iovascular  components a r e  important i n  suppor t ing  se l f - s t imu la t ion .  

Method 

Subjects :  The Ss were four  hea l thy ,  3-5 yr.  o ld ,  male dogs (two terriers, 
a beagle,  and a span ie l )  weighing 20-24 lb .  

Electr,odes and Stimulus Parameters: One o r  two enameled platinum b ipo la r  
e l ec t rodes  were implanted s t e r e o t a x i c a l l y  i n  the  hypothalamuc using a dog a t l a s  
(Lim, L i u ,  & Moff i t t ,  1960). Electrode assembly and implantat ion techniques 
a s  descr ibed elsewhere (Sheatz,  1961; Valenstein,  Hodos, ti Ste in ,  1961) were 
modified f o r  Ss. 

The b r a i n  s t i m u l u s  cons i s t ed  of a .5 sec. t r a i n  of b iphas ic  rec tangular  
p u l s e s  presented a t  a frequency of 100/sec. Pulse  du ra t ion  and delay between 
p o s i t i v e  and negat ive  pulses  w e r e  .2 msec. The cu r ren t  i n t e n s i t i e s ,  measured 
dur ing  the  s t eady- s t a t e  p la teau ,  var ied  between .5 and 1.8 ma. (approximately 
5-18 v . ) .  Electrode r e s i s t a n c e s  were approximately 10,000 ohms. 

Apparatus: A commercial ( I n d u s t r i a l  Acoustics Company, New York) 
soundproof room, Model 1200, 7 x 7 x 7 f t . ,  wi th  a sound a t t enua t ion  of 81 
db. was used. Time per iods during which lever presses would produce e l e c t r i c a l  
hypothalamic s t imu la t ion  were programed with t r a n s i s t o r i z e d  equipment. 
HSS responses were recorded in  Gerbrand's cumulative recorders  and a t  t he  
same t i m e  counted i n  e lectromechanical  counters .  A Lehigh-Valley Elec t ronics  
lever ,  Model 1380, was used t o  a c t i v a t e  s t imu la t ion  t o  t h e  hypothalamus during 
l eve r  presses. The b r a i n  s t imu la t ion  u n i t  cons is ted  of Tektronix components 
(two, Type 161, p u l s e  generators ;  two, Type 162, wave-form generators ;  a monitor- 
ing osc i l loscope ,  Type 360; and a t r a n s i s t o r i z e d  i s o l a t i o n  u n i t ) .  A Gi l ford  
cardiotachometer was employed t o  measure instantaneous beat- to-beat  HR. A 
Statham transducer  P23De was used t o  measure a r t e r i a l  BP i n  millimeters of 
mercury (mm Hg), beat-by-beat,  from a c a t h e t e r  i n  the  femoral a r t e r y .  A s t r a i n -  
gauge t ransducer  was used t o  record r e s p i r a t i o n .  An 8-channel Offner polygraph 
was employed f o r  recording phys io logica l  va r i ab le s .  

The 

Procedure: Training and experimental .  The S s  w e r e  t r a i n e d  f o r  s e v e r a l  
weeks a f t e r  t h e  operat ion.  In  one S t h e  t r a i n i n g  f o r  HSS w a s  done a f t e r  1 y r .  
of implantation. 
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The S was harnessed l i g h t l y  on a p la t form d i r e c t l y  i n  f r o n t  of which 
a Ldiigh l eve r  had been placed, so t h a t  S could p re s s  t h e  l e v e r  with t h e  
nose o r  fore leg .  
s i d e  over t he  tho rac i c  region and a l s o  on the  l e f t  hind leg.  A s t r a i n -  
gauge t ransducer  respirometer  was a t tached  around t h e  ches t .  F ina l ly ,  S 
was connected t o  t h e  b r a i n  s t imu la to r  u n i t  through t h e  c r a n i a l  connectors.  
The soundproof room was c losed  and S was observed through a one-way mi r ro r  
o r  through a c losed  t e l e v i s i o n  c i r c u i t  dur ing  t h e  experiments. The i n i t i a l  
shaping of HSS usua l ly  took 15-45 min. i n  t h e  f i r s t  experimental  sess ion .  
One o r  2 days a f t e r  t h i s  i n i t i a l  t r a i n i n g  the  experimental  s e s s ions  were 
brought under s t imulus c o n t r o l ,  which cons is ted  o f  5-min. per iods of HSS 
( l i g h t  "on") a l t e r n a t i n g  with 5-min. per iods  of  nonst imulat ion,  ( l i g h t  "off") 
when press ing  the  l eve r  produced no HSS. Lever responses and e l ec t roca rd io -  
grams (EKG) were recorded s e p a r a t e l y  f o r  each on and o f f  i n t e r v a l .  

S i l v e r  e l ec t rodes  were fas tened  with masking tape  t o  S ' s  

For s e v e r a l  experimental  days the  HR was recorded during HSS. Af te r  
t h i s  i n i t i a l  t r a i n i n g  Ss were anes the t i zed  i n  o rde r  t o  implant ch ron ica l ly  
a polyvinyl  c a t h e t e r  (Suprenant Manufacturing Company, Cl inton,  Massachusetts,  
Surco-1 c l e a r  0.038 x 0.070 in . )  i n  t he  femoral a r t e r y ;  t he  o t h e r  end of t h e  
c a t h e t e r  was brought t o  the  neck of S and occluded with a s t a i n l e s s - s t e e l  
plug. The c a t h e t e r s  were usua l ly  f lushed everyday with 1 cc  of  hepar in  
sodium, 1,000 USP u n i t s / c c ,  (1 u n i t  = .01 mg.) Two days a f t e r  surgery t h e  
ISP and HR w e r e  determined before  and during se l f - s t imu la t ion .  

A t  t h e  completion of the  experiments t h r e e  Ss were s a c r i f i c e d  and perfused. 
One S ,  S i r i u s ,  w a s  spared. S t e reo tax ic  coord ina tes  f o r  S i r i u s  were: (R) r o s t r a l  
t o  the  i n t e r a u r a l  l i n e ,  19  mm.; (L) l a t e r a l  t o  t h e  midl ine,  2 mm.; (V) v e r t i c a l  
above . the h o r i z o n t a l  zero  plane,  5 mm. Frozen sec t ions  c u t  a t  50 and s t a i n e d  
with N i s s l  s t a i n  provided h i s t o l o g i c a l  confirmation of  t h e  e l e c t r o d e  placements. 

Measures: S t ab le  p a t t e r n s  of HSS w e r e  e s t ab l i shed  by t h e  t i m e  measure- 
ments began. The HR was determined by count ing the  number of  R waves i n  
consecut ive 10-sec. i n t e r v a l s  of t i m e  and then convert ing t h e s e  numbers t o  
bea t s  p e r  minute (bpm) by mul t ip ly ing  by 6. Instantaneous bea t - to-bea t  HR 
was obtained simultaneously with a Gi l ford  cardiotachometer.  S y s t o l i c  BP 
w a s  analyzed by measuring t h e  h ighes t  s y e t o l i c  BP was measured i n  a s i m i l a r  
manner. Counts of 20-sec. i n t e r v a l s  were used; otherwise a Gons ide rab le  amount 
of labor would have been employed by counting BP f o r  each ind iv idua l  h e a r t  beat .  

Means, SD, and d i s t r i b u t i o n  p a t t e r n s  were obtained f o r  each ind iv idua l  
S before and dur ing  HSS per iods .  The s t a t i s t i c a l  eva lua t ion  of t h e  da t a  was 
based on t tests f o r  pa i red  observat ions ( co r re l a t ed  means). Mean BP values 
f o r  a l l  20-sec, i n t e r v a l s  during nonst imulat ion and HSS periods were compared. 
The same s t a t i s t i c a l  ana lys i s  was appl ied  t o  the  HR measurements. 

Lever presses  w e r e  recorded i n  counters  and i n  Gerbrands' cumulative 
recorders .  The l eve r  presses  were a l s o  counted d i r e c t l y  from the  Offner 
records during 10-sec. i n t e r v a l s .  

Respi ra t ion  was evaluated by measuring and observing the  f l u c t u a t i o n s  
i n  the  r e s p i r a t o r y  t rac ings .  

Drug S tud ie s  : Severa 1 drugs were employed t o  test var ious psychophys io-  
l o g i c a l  mechanisms involved i n  our  s tud ie s .  Curare (d- tubocurar ine ch lo r ide ) ,  
which produces muscular p a r a l y s i s  a t  t he  pe r iphe ra l  nerve endings, was used 
i n  doses of 2 un i t s /kg  (2  u n i t s  = .3  mg.) i n  two Ss to determine t h e  r o l e  of 
muscular movements i n  phys io logica l  responses a s soc ia t ed  with HSS. Adrenergic 
blocking agents ,  ( intravenous doses of 5 mg/kg of d ibenzyl ine  and intravenous 
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doses of  3 mg/kg of d ich loro isopro terenol )  were used i n  
t h e  e f f e c t  of blocking of t h e  sympathetic system on t h e  
responses. 

Results 

two Ss t o  determine 
physiologica 1 

Each of t h e  four  Ss showed an increase  i n  mean s y s t o l i c  and d i a s t o l i c  
a r t e r i a l  p ressures  during HSS as  shown i n  Table.1.  A l l  Ss showed normal 
BP l eve l s  dur ing  nonst imulat ion per iods .  
developed by S 3  and S4. 
by SI, S 3 ,  and S 
s i g n i f i c a n t .  
l a t i o n  and HSS periods were h ighly  s i g n i f i c a n t  (p ( . O O l ) .  

Very h igh  BP l e v e l s  during HSS w e r e  
S i g n i f i c a n t  increases  i n  HR during HSS were shown 

(Table 2) ,  but  S g ' s  changes i n  HR during HSS were not  
A 1 4  t- test  comparisons between mean BP values  during nonstimu- 

Figure 1 i l l u s t r a t e s  s e l e c t e d  t r ac ings  from the  Offner i n  two S s .  
Tracing A shows a response delay of  18 sec. between t h e  L-ON and the beginning 
of  HSS. Note t h a t  p r i o r  t o  HSS and a f t e r  L-ON t h e r e  was a decrease i n  BP from 
166/64 t o  140/54 m. Hg; t h e  r e s p i r a t o r y  t r a c i n g  became more i r r e g u l a r ;  and 
the  average HR increased from 90 t o  about 108 bpm. The average BP during the  
nonst imulat ion per iod was about 150/60 mm. Hg. 
t o  250/150 mm. Hg; t h e  r e s p i r a t o r y  r a t e  increased from 18 cycles/min t o  about 
54 cycles/min and the  r e s p i r a t o r y  recording became i r r e g u l a r  due t o  a r t i f a c t s  
of  movements; the  HR increased from 88 bpm (prestitmulus l eve l )  t o  1 7 8  bpm 
during HSS. 
min. In t r a c i n g  B too,  a delay between L-ON and the  heavy arrow is observed. 
Note t h a t  during t h e  delayed i n t e r v a l  t h i s  S showed no card iovascular  changes. 
The average HR during t h e  nonst imulat ion per iod was 72 bpm and it increased 
t o  9 1  bpm dur ing  t h e  HSS period,  the r e s p i r a t o r y  r a t e  increased from 15 cyc le s /  
min t o  30 cyc le s /  min. 
The BP increased from 180/76 mm. Hg during nonst imulat ion t o  266/124 mm. Hg 
during HSS. The lever press ing  r a t e  was 48 l eve r  presses/min. 

During HSS, t h e  BP increased 

4 The average lever-pressing r a t e  was approximately 96 l eve r  presses/ 

The r e s p i r a t o r y  t r a c i n g  was not  a f f ec t ed  by movements, 

A l l  Ss  showed good HSS r a t e s .  Lever-pressing r a t e s  f o r  SI, S2, S 3 ,  and 
S were 0.6, 1.8, 0.3 and 0.5 l eve r  presses/min (averages of 350 i n t e r v a l s  of  18 sec.)  during the nonst imulat ion per iod and 92.4, 105.0, 53.0, and 87.6 
lever presses/min (average of  350 i n t e r v a l s  of 10 sec.)  during HSS, r e spec t ive ly .  

In  order  t o  r u l e  out t he  p o s s i b i l i t y  t h a t  t he  card iovascular  changes 
during HSS were not  due t o  the  movements a s soc ia t ed  with the  l eve r  press ings ,  
simulated HSS r a t e s  were given manually whi le  t w o  Ss were f u l l y  paralyzed 
wi th  cu ra re  and v e n t i l a t e d  a r t i f i c a l l y .  Figure 2 is  a s e l ec t ed  record t h a t  
shows t h e  e f f e c t  of cu ra re  on card iovascular  func t ions  during manual hypothal-  
amic s t imula t ion .  Under cu ra re  ( .3 mg/kg), t he  HR response w a s  o b l i t e r a t e d  
(cont ro l ,  nonst imulat ion = 90 bpm, HSS = 202 bpm; under curare ,  nonst imulat ion = 
k? bpm, manual s t imu la t ion  = 68 bpm) but  t h e  BP response was not  changed ( con t ro l ,  
nonst imulat ion = 150/80 mm. Hg, HSS = 2501'150 mm. Hg; under curare ,  nonst imulat ion = 
155/85 mm Hg, manual s t imu la t ion  = 250/150 mm. Hg). 

The blocking e f f e c t s  of cu ra re  on t h e  HR response during manual s t imu la t ion  
were observed s e v e r a l  t i m e s  wi th in  an experimental  s e s s ion ,  
S s ,  no muscular con t r ac t ions  were v i s i b l e  during manual s t imu la t ion  but  as 
soon a s  t h e  e f f e c t  o f  the  drug began t o  disappear ,  manual s t imu la t ion  produced 
gross  muscular twitches which were accompanied by an increase  i n  HR. Table 3 
summarizes t h e  r e s u l t s  with c u r a r e  i n  two S s .  The d i f f e rences  between mean 
HR and BP values  during nonst imulat ion and HSS periods before  cu ra re  were 
s t a t i s t i c a l l y  s i g n i f i c a n t .  I n  t h e  same S s ,  t h e  d i f f e rences  between mean HR 
and BP during nonst imulat ion and manual s t imu la t ion  per iods  under cu ra re  were 
less s i g n i f i c a n t  f o r  HR than f o r  BP. Although HR changes were s i g n i f i c a n t  

In  t h e  cu ra r i zed  
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f o r  54, under curare ,  t h e  mean d i f f e r e n c e  i n  HR before  cu ra re  was 77.1 
bpm whereas under c u r a r e  t h e  mean d i f f e r e n c e  was 11.5 bpm. 

In  order  t o  determine t o  what ex ten t  t hese  card iovascular  components 
a r e  important i n  support ing HSS, drug s t u d i e s  w e r e  performed using adrenergic  
blocking agents  d ibenzyl ine  and d i ch lo ro i sopro te reno l  (DCI)  . The use  of 
t hese  drugs d id  no t  reduce s i g n i f i c a n t l y  t h e  HSS ra te  but  they d id  a f f e c t  
t he  card iovascular  responses which occur during HSS as shown i n  Figure 3. 
The inc rease  i n  BP during HSS was completely blocked by d ibenzyl ine  (5 mg/kg). 
The BP during the  nonst imulat ion per iod  was 100/60 mm. Hg and during the  
HSS period remained 98/60 mm. Hg, although t h e  HR increased  from 156 bpm t o  
288 bpm during HSS. When D C I  was i n j e c t e d  i n  doses o f  3 mg/kg a f t e r  dibenzyl ine,  
the  accentuated HR response was reduced from 288 bpm t o  224 bpm a s  i l l u s t r a t e d  
i n  Pa r t  B of Figure 3. 

The e f f e c t s  of  d ibenzyl ine  were analyzed i n  two Ss .  These r e s u l t s  a r e  
summarized i n  Table 3. A l l  d i f f e rences  between mean BP and HR values  during 
nonst imulat ion and HSS per iods  before  d ibenzyl ine  w e r e  s t a t i s t i c a l l y  very 
s i g n i f i c a n t .  I n  the  same Ss ,  t h e  d i f f e rences  between the  mean HR and BP 
during nonst imulat ion and HSS periods under d ibenzyl ine  w e r e  less s i g n i f i c a n t  
f o r  BP than f o r  HR. A t  t h i s  po in t  w e  want t o  emphasize t h a t  HSS continued 
even though t h e  BP response during HSS had been blocked. Under dibenzyl ine + 

and D C I  t h e  HR d i f f e rences  were less s i g n i f i c a n t  than with d ibenzyl ine  a lone  
f o r  S 3  ( - .6  bpm, t = . 2 ,  df  = 55, p (  .9) and S4 (15.9 bpm, t = 7.5, df = 
284, p <  .001). A l l  BP responses became more s i g n i f i c a n t  during D C I  bu t  
t he  mean BP d i f f e rences  w e r e  s t i l l  much less than those  observed before  t h e  
i n j e c t i o n  of dibenzyl ine:  S3 ( s y s t o l i c  BP d i f f .  = 22.9 mm. Hg, d i a s t o l i c  
BP d i f f .  = 14 mm. Hg) and S4 ( s y s t o l i c  BP d i f f .  = 17.9 mm. Hg, d i a s t o l i c  
BP d i f f .  = 12.2 mm. Hg). 

H i s t o l o g i c a l  v e r i f i c a t i o n  of t he  rewarding placements revealed the  t i p s  
of t he  e l ec t rodes  t o  be wi th in  t h e  r i g h t  mammillothalamic t r a c t  and the  d o r s a l  
p a r t  of t h e  medial mammillary body i n  S (Rocky), w i th in  t h e  F i e l d s  of Fore1 1 immediately d o r s a l  t o  the  zona i n c e r t a  i n  (Floyd),  and i n  t h e  p o s e t e r i o r  
hypothalamic a rea  immediately d o r s a l ,  and ad jacent  t o ,  t he  a n t e r i o r  mammillary 
nucleus i n  S (Shrimp). Figure 4 shows the  a c t u a l  h i s t o l o g i c a l  s e c t i o n s  
where the  e l e c t r o d e  t i p s  w e r e  loca ted  (see arrows).  4 

Discuss ion 

The s tudy  reveals d e f i n i t e  changes i n  t h e  card iovascular  system of  dogs 
during HSS s i m i l a r  to  those  reported i n  rats by Perez-Cruet e t  a l .  (1963) .  
These changes a r e  mediated v i a  t h e  sympathetic system from t h e  hypothalamus 
a s  repor ted  by H e s s  (1957) and Bea t t i e ,  Brow, and Long (1930). The r e s u l t s  
c l e a r l y  show an increase  i n  BP and HR during s e l f - s t i m u l a t i o n  from placements 
i n  t h e  p o s t e r i o r  hypothalamuc and mammillary bodies .  

The r e s u l t s  wi th  cu ra re  and t h e  adrenerg ic  blocking agents  have shed 
some pre l iminary  information upon the  mechanisms of card iovascular  changes 
during HSS. Under curare ,  t h e  BP response t o  manual s t imu la t ion  was not  
a f f e c t e d  whereas t h e  HR response was blocked. These f indings c l e a r l y  i n d i c a t e  
t h a t  t h e  BP response does not  depend on muscular movement o r  on the  HR response 
during s t imula t ion .  Blockage of t h e  HR response, under curare ,  suggests  t h a t  
t h i s  response during HSS is phys io logica l ly  bound t o  muscular movement. How- 
ever, t h e r e  a r e  o the r  poss ib l e  mechanisms by which the  HR response can be 
modified. For example, c u r a r e  can a f f e c t  t h e  autonomic gangl ia  (Langley, 1918) 
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and i n t e r f e r e  with t h e  neu ra l  mediation of the  HR response. Furthermore, 
t h e r e  is recent  evidence which ind ica t e  t h a t  some c e n t r a l  HR responses 
can be independent of movement (Black, Carlson, & Solomon, 1962; Newton & 
Gantt, 1960; Perez-Cruet & Gantt ,  1959). 

The r e s u l t s  with cu ra re  a l s o  show t h a t  t h e  increase  i n  BP during HSS 
does not  depend on r e s p i r a t i o n ,  f o r  t he  r e s p i r a t o r y  r a t e  was cons tan t  during 
a r t i f i c i a l  r s p i r a t i o n .  The p o s s i b i l i t y  t h a t  t h e  HR response is secondary 

t h a t  t h e  HR response t o  s e p t a l  s e l f - s t imu la t ion  is independent of r e s p i r a t i o n .  
Furthermore, two s t u d i e s  from our  laboratory have shown t h a t  HR changes can 
be independent of r e s p i r a t o r y  r a t e  (Perez-Cruet & Gantt ,  1961; Perez-Cruet, 
Newton, & Gantt ,  1965). 

t o  a r e s p i r a  P ory change cannot be ru led  out .  However, Malmo (1963) has shown 

The r e s u l t s  under d ibenzyl ine  show t h a t  t h e  BP response was completely 
blocked, t h e  HR response was accentuated,  and the  s e l f - s t i m u l a t i o n  behavior 
was not  a f f ec t ed .  When D C I  was in j ec t ed  a f t e r  dibenzyl ine,  the  HR response 
was diminished and t h e  BP response increased s l i g h t l y  during HSS. 
results suggest  t h a t  t he  BP response is not  causa l ly  r e l a t e d  t o  se l f - s t imu la t ion  
because, i f  it were, i t s  blockage by d ibenzyl ine  would have d is rupted  s e l f -  
s t imula t ion .  On t h e  o t h e r  hand, these  r e s u l t s  i n d i c a t e  an i n t e r r e l a t i o n s h i p  
between BP and 
response was blocked. The accentuat ion of t he  HR response was probably pro- 
duced by s t imu la t ing  o the r  cardiovascular  r e f l exes  when the  BP was lowered 
by d ibenzyl ine  o r  by homeostatic mechanisms. Support f o r  t h e  l a s t  i n t e r p r e t -  
a t i o n ,  of homeostatic balance between BP and HR responses,  is given by the  
resu l t s  from the  i n j e c t i o n  of D C I  following d ibenzyl ine ,  A s  soon as the  ac- 
centuated HR response was decreased in  magnitude, a BP response reappeared. 
The r ec ip roca l  r e l a t i o n s h i p s  between BP and HR a r e  no t  c l e a r l y  understood; 
e.g., a f a l l  i n  BP can produce an increase  i n  HR even a f t e r  the  h e a r t  has 
been completely denervated ( B e s t  & Taylor, 1961, p. 305). 

These 

HR because the  HR response was accentuated when the  BP 

S tark ,  Boyd, and F u l l e r  (1964) have r ecen t ly  shown t h a t  neurohormones 
a r e  of major importance i n  maintaining HSS i n  clogs. Their  work suggests  
t h a t  more than one neurohormone may be involved i n  maintaining HSS. Our 
r e s u l t s  i nd ica t e  t h a t  blocking the  adrenergic  system with dibenzyl ine does 
not  block t h e  NSS and a l s o  suggest  t h a t  probably o t h e r  autonomic responses 
and neurohormonal mechanisms may be involved i n  maintaining HSS. 

It appears from a l l  previous s t u d i e s  on s e l f - s t i m u l a t i o n  i n  r a t s ,  and 
now i n  dogs, t h a t ,  whenever t h e r e  is se l f - s t imu la t ion ,  concomitant autonomic 
changes can be monitored. This f a c t  suggests  t h a t  s e l f - s t imu la t ion  behavior 
i s  probably a c e n t r a l  phenomenon t h a t  involves t h e  autonomic nervous system. 
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F i g .  1.  Polygraph tracings showiag changes in BP, respfration, and 
HR during HSS with current intens i ty  of 1 ma. 
is on; heavy arrow.indiaates beginning of HSS. 
shows s y s t o l i c  and d i a s t o l i c  BP, respiration,  EKG, beat-by-beat HR, and 
lever presses.  
lever presses .) 

(L-ON indicates  that l i g h t  
A, from top to bottom, 

B,  from top t o  bottom, shows EKG, respiration,  BP, and 
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L E Y C R  PRESSfS B 

. . . .  

Fig.  2 .  Polygraph t r ac ings  showing changes in  BP, r e s p i r a t i o n ,  and HR 

(Heavy arrow i n  A i nd ica t e s  beginning of HSS; a t  B i t  ind ica t e s  
dur ing  HSS before  (A) and a f t e r  (B) t h e  intravenous i n j e c t i o n  of . 3  mg/kg 
of cu ra re .  
simulated "lever presses ' '  by hand. 
thalamic s t imu la t ion  is not blocked by curare . )  

Note t h a t  t h e  BP response t o  manual hypo- 
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__-cI- - - .-- -- .- . . -- - - - - 

Fig .  3 ,  Polygraph tracings showing changes i n  BP, respiration,  and HR 
under adrenergic blocking agents,  dibenzyline (A) and D C I  ( B ) ,  
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, 

e 

. .  
Fig.  4. Histo logica l  sect ions  cut a t  5Ou and stained with Nissl s t a i n .  

(A, Rocky; B, Floyd; and C, Shrimp. Curved arrow point the location of the 
rewarding area . )  
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SUBCORTICALLY EVOKED CARDIOVASCULAR RESPONSES USING ELECTRICAL STIMULATION 
I N  MONKEYS. 

The purpose of t h i s  s tudy is t o  determine t h e  changes i n  h e a r t  r a t e  
and blood pressure  which a r e  produced by s t imu la t ion  of a n t e r i o r  o r  p o s t e r i o r  
hypothalamus, putmen and s e p t a l  a r eas .  
work using e l e c t r i c a l  s t imu la t ion  as an uncondi t ional  s t imulus (US) and t h e  
e f f e c t s  of s e l f - s t i m u l a t i o n  a s  an uncondi t ional  s t imulus (US) and t h e  e f f e c t s  
of s e l f - s t i m u l a t i o n  behavior on card iovascular  func t ions  (Perez-Cruet, Brady 
and Black, 1963; Perez-Cruet, McInt i re  and P l i s k o f f ,  1965). The s tudy is 
a Is0 des igned t o  determine t h e  d i f f e rences  i n  card iovascular  respons i v i t y  
from s e v e r a l  s u b c o r t i c a l  a r eas .  

This work is an  e l abora t ion  of  previous 

Ten monkeys have been employed i n  t h i s  s tudy  and e l ec t rodes  have been 
placed s t e r e o t a x i c a l l y  i n  t h e  above a reas .  
i n  Foringer c h a i r s  using equipment and s t imu la t ion  parameters descr ibed else- 
where (Perez-Cruet, e t  a l .  1965). 

The monkeys have been r e s t r a i n e d  

Preliminary results showed s i g n i f i c a n t  changes i n  card iovascular  funct ions,  
h e a r t  r a t e  and blood pressure ,  i n  t h r e e  monkeys dur ing  s e p t a l ,  a n t e r i o r  and 
p o s t e r i o r  hypothalamic s t imu la t ion  respec t ive ly .  

S t imula t ion  of  t h e  s e p t a l  a rea  usua l ly  produced a sudden drop i n  h e a r t  
r a t e  (about $0 t o  40 bpm) followed by an a c c e l e r a t i o n  of about 20 bpm from 
a base l ine  level. The blood p r e s s u r e  changes from s t imula t ion  of t h i s  a rea  
showed i n i t i a l l y  a s l i g h t  diminution but  no inc rease  i n  p re s su re  during the  
tachycardic  phase of t he  biphas ic response. These responses ware e l i c i t e d  
a t  levels of cu r ren t  corresponding t o  5 0 p a  and they became more accentuated 
a t  1 ma. 

4 

St imula t ion  of t h e  p o s t e r i o r  hypothalamus showed c o n s i s t e n t l y  an increase  
i n  blood p r e s s u r e  (about 10 mm Hg.) i n  both s y s t o l i c  and d i a s t o l i c  pressures .  
The blood p r e s s u r e  change a f t e r  s t imu la t ion  usua l ly  p e r s i s t e d  f o r  2 t o  5 
seconds a f t e r  a s i n g l e  s t imu la t ion .  In  some experiments another  blood p r e s s u r e  
p a t t e r n  response was observed i n  which an i n i t i a l  increase  i n  blood pressure  
was followed by a decrease  and then a subsequent increase  was observed a f t e r  
s t imu la t ion  a t  l eve l s  of  3 ma. This saddle-shaped blood p r e s s u r e  response 
has  been observed previously i n  dogs from the  l a t e r a l  hypothalamus. The 
changes in  h e a r t  r a t e  produced by s t imu la t ion  of t h e  p o s t e r i o r  hypothalamus 
cons is ted  of an i n i t i a l  a c c e l e r a t i o n  which l a s t e d  f o r  3 t o  4 ca rd iac  cyc les  
followed by a dece le ra t ion .  
sep ta  1 s t imula t ion .  

These e f f e c t s  were oppos i te  t o  those seen during 

St imulat ion of t h e  a n t e r i o r  hypothalamus showed an i n i t i a l  increase  i n  
h e a r t  r a t e  which l a s t ed  f o r  1 ca rd iac  cyc le  (from 10 t o  20 bpm) followed by 
a s i g n i f i c a n t  decrease  i n  h e a r t  r a t e  from 40 t o  65 bpm, 
remained below o r  re turned  t o  base l ine  during a n t e r i o r  hypothalamic s t imu la t ion ,  
Blood p res su re  changes during s t imu la t ion  of t h e  a n t e r i o r  hypothalamus showed 
a very s l i g h t  (about 2 t o  5 m Hg.) increase  a f t e r  s t imula t ion .  These e f f e c t s  
from the  a n t e r i o r  hypothalamus were obtained a t  cu r ren t  levels of 3 t o  5 ma. 
The above responses from s e p t a l ,  a n t e r i o r  and p o s t e r i o r  hypothalamus were 
dupl ica ted  a t  levels of s t imu la t ion  from l 0 0 ~ a  t o  1 masbut i f  s e v e r a l  s t i m u -  
l a t i o n s  l a s t i n g  about 3 second were presented i n  succession then t h e  cu r ren t  
l eve l s  requi red  t o  produce t h e  card iovascular  responses were lower (50 t o  200 

The h e a r t  r a t e  usua l ly  

a ) .  P 
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This da t a  shows t h e  d i f f e r e n t  pa t t e rns  of card iovascular  responses from 
t h e  septum, a n t e r i o r  and p o s t e r i o r  hypothalamus. None of t he  monkeys t h a t  
showed these  card iovascular  changes developed behaviora l  d i s turbances  o r  
s e i zu res .  An a rousa l  phenomenom was observed during s t imula t ion .  I n  none 
of  t hese  monkeys could se l f - s t imu la t ion  be  e l i c i t e d  i n  s p i t e  of t h e  f a c t  
t h a t  the  antmals w e r e  showing card iovascular  changes during s t imula t ion .  

. .  
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A N  ATTEMPT TO CONDITION EXTRASYSTOLES USING DIRECT MYOCARDIAL ELECTRICAL 
STIMULATION AS AN UNCONDITIONAL' STIMULUS. 

The purpose of t h i s  s tudy  was t o  i n v e s t i g a t e  whether e x t r a s y s t o l e s ,  
induced "per iphera l ly"  by s t i m u l a t i n g  t h e  v e n t r i c u l a r  myocardium, can be 
condi t ioned.  A "per iphera l"  e x t r a s y s t o l e s  is one t h a t  is no t  mediated 
through t h e  nervous system. For  e x t r a s y s t o l e s  which a r e  produced through 
some emotional,  psychic  o r  neurogenic process ,  w e  employ t h e  t e r m  " c e n t r a l l y  
mediated", A s  f a r  a s  is p r e s e n t l y  known, e x t r a s y s t o l e s  which a r e  induced 
by d i r e c t  e l e c t r i c a l  s t i m u l a t i o n  of t h e  myocardium a r e  not  mediated by 
nervous processes  bu t  r a t h e r  by l o c a l  e x c i t a t i o n  of  t h e  myocardium a t  t h e  
s i t e o f s t imu l a  t ion. 

Some i n v e s t i g a t i o n s  have shown t h a t  " c e n t r a l l y  mediated" e x t r a s y s t o l e s  
can  be condi t ioned  (Parmer, 1953; Balanov, 1959; Perez-Ciuet,  1962, 1964), 
and o t h e r s  have emphasized t h a t  psychic  o r  emotional  f a c t o r s  can induce 
e x t r a s y s t o l e s  (Anderson et  a l . ,  1939; Katz et a l . ,  1947; Stevenson e t  a l . ,  
1949). The r e s u l t s  o f  t h e s e  i n v e s t i g a t i o n s  have revea led  two primary mechan- 
i s m s  by which c e n t r a l l y  mediated e x t r a s y s t o l e s  a r e  produced. The f i r s t  is 
through some primary n e u r a l  s t r u c t u r e  such a s  t h e  hypothalamus o r  t h e  l imbic 
system v i a  t h e  autonomic nervous system ( B e a t t i e  et a l . ,  1930; Smirnova, 1961; 
P o r t e r  e t  a l . ,  1962). The second is by a d r i v i n g  o r  t r i g g e r i n g  mechanism 
i n  which t h e  c e n t r a l  e x c i t a t i o n  inc reases  t h e  background a c t i v i t y  of  spontan-  
eous e x t r a s y s t o l e s  (Royer and Gant t ,  1965; Perez-Cruet and Rioch, 1966). 

There is no d e f i n i t e  proof i n  t h e  l i t e r a t u r e  of t h e  cond i t ion ing  of  
"per iphera l ly"  induced c a r d i a c  i r r e g u l a r i t i e s .  Rykov (1957) has  shown t h a t  
e x t r a s y s t o l e s  occurred when ep inephr ine  was s u b s t i t u t e d  f o r  a c e t y l c h o l i n e  in  
dogs which had a c o n d i t i o n a l  r e f l e x  electocardiogram t o  t h e  i n j e c t i o n  of 
ace ty l cho l ine .  H e  p o s t u l a t e d  on t h e  b a s i s  of t h i s  obse rva t ion  t h a t  " in  
a c t u a l  l i f e ,  t h e r e  is every p o s s i b i l i t y  of such c o l l i s i o n s  when a s t imu lus  
combined wi th  t h e  formation of  a c e t y l c h o l i n e  may co inc ide  wi th  the  presence  
o f  ad rena l ine  i n  t h e  blood." In  t h e  i n t a c t  animal,  experiments wi th  drugs 
which a c t  p e r i p h e r a l l y  on the  h e a r t  a r e  d i f f i c u l t  t o  c o n t r o l  because most: 
drugs usua l ly  have o t h e r  e f f e c t s  on va r ious  organs; they sometimes produce 
severe hemodynamic changes , and i n  some ins t ances ,  can induce behaviora l  s ide-  
e f f e c t s .  E l e c t r i c a l  s t i m u l a t i o n  of  t h e  myocardium is a more d i r e c t  approach 
t o  s tudy  i f  p e r i p h e r a l  s t imu la t ion ,  without  neuronal  mediat ion,  is condi t ion-  
a b l e .  

Methods and Mater ia  1s 

Five  hea l thy  male dogs, weighing 20 t o  30 l b s . ,  were used.  They were 
t r a i n e d  t o  s t and  q u i e t l y  i n s i d e  a soundproof room - t h i s  u sua l ly  took two 
t o  f i v e  weeks. 

Surgery.  A f t e r  t h i s  t r a i n i n g ,  a l e f t  o r  r i g h t  thoracotomy, depending 
on the  placement of  t h e  e l e c t r o d e s ,  was performed. In  t h r e e  dogs, two e l e c t r o d e s  
w e r e  su tu red  t o  t h e  l e f t  v e n t r i c l e ,  about 1 cm. a p a r t ;  i n  ano the r  two dogs, 
i n  t h e  r i g h t  v e n t r i c l e .  F igure  1 i l l u s t r a t e s  t h e  approximate l o c a t i o n  of t h e  
implanted myocardial  e l e c t r o d e s .  

were passed under t h e  s k i n  to  t h e  region o f  t h e  neck. 
t h e  surgery  c o n t r o l  e lec t rocard iograms w e r e  taken.  The e f f e c t s  of aud i to ry  
s i g n a l s ,  i n  t h e  soundproof room, on the  e lec t rocard iogram (ECG) and on c a r d l a c  

The e l e c t r o d e s ,  p ro t ec t ed  by cover ing  them wi th  an  ace  bandage and tape ,  
A f t e r  recovery from 
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r a t e s  w e r e  determined before  condi t ioning.  

Conditioning Procedure. C l a s s i c a l  Pavlovian condi t ion ing  procedures 
were used, and t h e  experiments w e r e  run about t h e  same t i m e  each day. 
animals were presented  f i r s t  with t h e  e x c i t a t o r y  CS tone (256 cps i n  four  
dogs, 800 cps i n  one dog) o f  5-6 sec. dura t ion ,  which was  r e in fo rced  with 
electrical  myocardial s t imu la t ion ,  v iz .  , t h e  uncondi t iona l  s t imulus (US). 
Afte r  an i n t e r v a l  of  1-2 minutes t h e  d i f f e r e n t i a l  ( i nh ib i to ry )  cond i t iona l  
s t i m u l u s  (CS) was presented.  
(512 cps i n  fou r  dogs, 1,600 cps i n  one dog, a l s o  of 5-6 sec, dura t ion) .  
These tones were not  r e in fo rced  by t h e  myocardia1 s t imula t ion .  

The 

This cons i s t ed  of a h ighe r  frequency tone 

St , imulat ion Parameters of t h e  Unconditional Stimulus. The s t imu la t ion  
was b i p o l a r  through myocardial e l ec t rodes  implanted i n  e i t h e r  l e f t  o r  r i g h t  
v e n t r i c l e .  The e l ec t rodes ,  c o n s i s t i n g  o f  s t r ands  of s t a i n l e s s - s t e e l  w i r e ,  
were in su la t ed  with t e f l o n ,  down t o  wi th in  a few mm. of t he  t i p s .  The elec- 
t r i c a l  s t imulus t o  t h e  myocardium cons i s t ed  of 0.030" t r a i n  of  b iphas ic  
rec tangular  pu l se s ,  frequency of 50 cps. The s t imulus  was t r i gge red  by an 
R wave. The t o t a l  du ra t ion  of  t h e  uncondi t ional  s t imulus i n  which t h e  R 
waves could t r i g g e r  s t imu la t ion ,  was approximately 2 t o  4 seconds. Pulse  
dura t ion  and de lay  between p o s i t i v e  and negat ive  pulses  were of t h e  order  
of  100 t o  5 0 0 p s e c .  
e l e c t r o d e  r e s i s t a n c e  va r i ed  from 300 t o  5,000 ohms. 

The vo l t age  va r i ed  from 3 t o  4 v o l t s .  The approximate 

Apparatus I The programming equipment cons is ted  of t r a n s i s t o r i z e d  
d i g i t a l  l og ic  i n  which b inary  counters  w e r e  used a s  t iming devices  f o r  pre- 
s en t ing  t h e  cond i t iona l  s t i m u l i .  In  one system, t h e  a c t u a l  h e a r t  b e a t  was 
used a s  a c lock  with a t r i g g e r i n g  u n i t  descr ibed elsewhere (Perez-Cruet, 
e t  a l . ,  1963). In  t h e  o the r  system, a p r e c i s i o n  c lock  was used f o r  timing 
ins tead  of  t h e  h e a r t  bea t .  

The s t imu la t ion  of t h e  myocardium of e i t h e r  r i g h t  o r  l e f t  v e n t r i c l e  
was t r i gge red  by t h e  R wave of t h e  ECG which a c t i v a t e d  a t r i g g e r i n g  u n i t .  
The pu l se  from t h e  t r i g g e r i n g  u n i t  was shaped f o r  t he  l o g i c a l  c i r .cu i t  shown 
i n  Figure 2. Two one-shot t r a n s i s t o r i z e d  log ic  c i r c u i t s  were used (BRS 
Elec t ronics ,  Beltsvil le,  Md.). The f i r s t  one-shot c i r c u i t  (number 1, shown 
i n  Figure 2) was timed with a delay of 150 msecs. o r  less, a t  which t i m e  a 
second one-shot c i r c u i t  (number 2,  shown i n  F igure  2) was a c t i v a t e d  t o  keep 
a r e l ay  closed f o r  20 msec. This r e l a y  i n  t u r n  a c t i v a t e d  t h e  Tektronix stimu- 
l a t o r .  (The s t i m u l a t o r  cons is ted  of Tektronix components: two, type 161, 
pu lse  generators ;  t w o ,  type 162 , waveform genera tors ;  a monitoring osc i l loscope ,  
type 360, and a Tektronix power supply. A t r a n s i s t o r i z e d  i s o l a t i o n  u n i t  w a s  
employed t o  prevent  a c c i d e n t a l  e l e c t r i c a l  s t imu la t ion  t o  t h e  hea r t . )  
e l e c t r i c a l  s t imu la t ion  of t h e  myocardium was given a f t e r  t h e  T waves by ad jus t -  
ing the  t i m e  delay i n  t h e  f i r s t  one-shot c i r c u i t  (see Figure  2).  

The 

An e i g h t  channel Offner !type R t r a n s i s t o r i z e d  polygraph was used t o  
record t h e  var ious parameters.  The electrocardiograms were recorded from 
t h r e e  limb leads i n  t h e  s tanding  pos i t i on  using s u r f a c e  electrodeq taped t o  
t h e  r i g h t  and l e f t  fo re l eg  and l e f t  h ind  leg.  Limb leads 1, 2, and 3 w e r e  
recorded from t h e s e  e lec t rodes .  Respi ra t ion  was recorded using a s t r a i n  gage 
respirometer  which transduced movement of t h e  thorax i n t o  an e l e c t r i c a l  output  
which represented r e s p i r a t o r y  r a t e .  Beat-to-beat h e a r t  r a t e  was measured with 
a Gi l ford  cardiotachometer.  The pulse  wave was measured with an o p t i c a l  photo- 
c e l l  device which measured t h e  luminosity of  t h e  animal 's  s k i n  during each h e a r t  
bea t .  The photoce l l  was a t tached  t o  t h e  s k i n  on t h e  h ind  l e g  o r  t h e  t a i l .  
Physiological  va r i ab le s  were measured continuously during each experimental  
sess ion. 



Resul t s  

None of t h e  dogs showed cond i t ion ing  of  "per iphera l"  e x t r a s y s t o l e s  
induced by d i r e c t  e l e c t r i c a l  s t i m u l a t i o n  of  t h e  myocardium. Three dogs 
rece ived  100 o r  more r e in fo rced  t r i a l s  i n  5 t o  7 d i f f e r e n t  experimental  
days and ano the r  two dogs rece ived  400 or more r e i n f o r c e d  t r ia ls  i n  12 t o  
13 d i f f e r e n t  exper imenta l  days,  wi thout  any evidence of  c a r d i a c  condi t ion-  
ing. 

The dog "Russ" w a s  given i n  November 1963 dur ing  16 exper imenta l  days 
a t o t a l  o f  1,244 p o s i t i v e  c o n d i t i o n a l  s t i m u l i  r e i n f o r c e d  by uncond i t iona l  
s t imulus  t o  t h e  l e f t  v e n t r i c l e .  The dog 'Zacy" w a s  g iven  f o r  12 exper imenta l  
days i n  January 1964 800 re in fo rced  t r i a l s ,  a l s o  t o  t h e  l e f t  v e n t r i c l e ,  
These were preceded by 120 c o n t r o l s  on 3 exper imenta l  days.  "Jef f"  was  
given 214 r e i n f o r c e d  t r i a l s  ( r i g h t  v e n t r i c l e )  on s i x  exper imenta l  days i n  
December 1963 and January 1964, preceded by 40 c o n t r o l s  on 26 December. 
"Brownie" had 50 c o n t r o l s  on 2 1  January 1964 and 438 re in fo rced  t r i a l s  
( r i g h t  v e n t r i c l e )  i n  January 1964. "Limon" had 110 c o n t r o l s  on 16 and 
18 November 1963 and 544 r e i n f o r c e d  ( le f t  v e n t r i c l e )  t r i a l s  on 10 exper imenta l  
days i n  November 1963. 

The r e s u l t s  showed t h a t  t h e  l o c a t i o n  of  s t i m u l a t i o n ,  whether t h e  r i g h t  
o r  l e f t  v e n t r i c l e ,  d i d  not  have any in f luence  on t h e  c o n d i t i o n a b i l i t y  01 
"per iphera l"  e x t r a s y s t o l e s .  
cond i t ion ing  a f t e r  104 r e in fo rced  t r i a l s  i n  Brownie, and 6 r e in fo rced  t r i a l s  
i n  J e f f .  The uncondi t iona l  s t imulus  (US)  was d e l i v e r e d  t o  t h e  r i g h t  v e n t r i c l e .  
Unconditional s t i m u l a t i o n  of t h e  r i g h t  v e n t r i c l e  produced e x t r a s y s t o l e s  
wi th  up r igh t  R waves i n  limb leads  1 and 2 and downward-deflection i n  lead 3 
a s  shown a l s o  i n  F igu re  3 and 4. F igures  5 ,6  and 7 show no evidence of c a r d i a c  
condi t ion ing  a f t e r  594 r e in fo rced  t r i a l s  i n  Russ, 352 r e in fo rced  t r i a l s  i n  
Lacy, and 36 r e in fo rced  t r i a l s  i n  Limon where t h e  US was d e l i v e r e d  t o  t h e  
l e f t  v e n t r i c l e .  Unconditional s t i m u l a t i o n  of t h e  l e f t  v e n t r i c l e  produced 
e x t r a s y s t o l e s  w i th  downward-deflection of t h e  R waves i n  limb leads  1, 2 and 
3 a s  shown i n  F igures  5, 6 and 7.  

F igu re  3 and 4 show no evidence o f  c a r d i a c  

An i n t e r e s t i n g  f ind ing  was t h a t  uncondi t iona l  e x t r a s y s t o l e s  e l i c i t e d  
by s t i m u l a t i o n  of t h e  l e f t  v e n t r i c l e  u sua l ly  produced vasomotor d i l a t a t i o n ,  
represented  by an  inc rease  i n  t h e  ampli tude of t h e  p u l s e  volume, a f t e r  
c e s s a t i o n  of t h e  uncond i t iona l  s t i m u l a t i o n  a s  shown i n  F igures  5 and 7 ,  record-  
ings g and e, r e s p e c t i v e l y .  I n  many ins t ances  a slowing of t h e  h e a r t  r a t e  
was observed a f t e r  l e f t  v e n t r i c u l a r  s t imu la t ion .  S i m i l a r  r e s u l t s  were observed 
dur ing  uncondi t iona l  s t i m u l a t i o n  of t h e  r i g h t  v e n t r i c l e  i n  Brownie (see  17ij;urc 3 ) .  

Four dogs showed muscular twitches of t he  thorax  ( c o s t a l  r e t r a c t  i o n ) ,  
dur ing  uncondi t iona l  s t i m u l a t i o n  of  t h e  myocardium bu t  t h e r e  was never any 
evidence of  p a i n  o r  d i scomfor t .  Thoracic  muscular twi tches  were observed a t  
levels of myocardial  s t i m u l a t i o n  between 2.5 t o  5 v o l t s .  I n  two dogs,  restless- 
ness  was ev iden t  p r i o r  t o  myocardial  s t i m u l a t i o n  a f t e r  20 r e i n f o r c e d  t r i a l s  
(Brownie) and 277 r e i n f o r c e d  t r i a l s  (Lacy) bu t  i t  subsided quick ly .  Two o t h e r  
dogs (Limon and J e f f )  showed occas iona l  i n h i b i t i o n  i n  t h e  form o f  s l e e p  even 
d u r  ing my0 c a r d i a  1 s t imu l a  t ion.  

Myocardial s t i m u l a t i o n  i n  t h r e e  dogs produced s h o r t  runs of  e x t r a s y s t o l e s  
wi th  v e n t r i c u l a r  r a t e s  ranging from 130 t o  210 bpm (see Figures  4 ,  5 and 7 ) .  
I n  two o t h e r  dogs,  v e n t r i c u l a r  s t i m u l a t i o n  produced premature v e n t r i c u l a r  b e a t s  
more f r equen t ly  than runs  of e x t r a s y s t o l e s .  



The r e s u l t s  showed no c l e a r - c u t  evidence of h e a r t - r a t e  condi t ioning,  
but four  dogs showed increments of  9 t o  11 h e a r t  bea ts  from pre-stimulus 
l eve l s  as  shown i n  Table 1. These h e a r t - r a t e  changes were not d i f f e r e n t i a t e d ;  
they may have been a s soc ia t ed  with a ca rd iac  o r i e n t i n g  r e f l ex .  
one of t h e  dogs (Lacy) showed changes i n  h e a r t  r a t e  during t h e  e x c i t a t o r y  
cond i t iona l  s imulus which were ind i s t ingu i shab le  from the  h e a r t - r a t e  changes 

i n  h e a r t  r a t e '  of 4.3 bpm during t h e  cond i t iona l  s t i m u l i  which was d i f f e r e n t  
from the  h e a r t  r a t e  during t h e  o r i e n t i n g  r e f l e x  i n  c o n t r o l  sess ions .  

Furthermore, 

dur ing  cont ro  E o r i e n t i n g  se s s ions .  Another dog, J e f f ,  showed an increment 

A s  w e  have s t a t e d  previously,  w e  do not  be l i eve  t h a t  t h e  e f f e c t  of any 
agent which is produced by pe r iphe ra l  a c t i o n  s o l e l y ,  without  involvement of  
t he  c e n t r a l  nervous system, can be condi t ioned (Perez-Cruet and Gantt ,  1964). 
Using a t rop ine  and ace ty l cho l ine  (Thayer and Gantt ,  1950; Teitelbaum et  a l . ,  
1956) t o  produce tachycardia ,  h i s tamine  f o r  g a s t r i c  s e c r e t i o n s  (Katzenelbogen 
e t  a l . ,  1939), p i loca rp ine  f o r  s a l i v a r y  (Finch, 1938a) o r  f o r  p r o s t a t i c  s ec re -  
t i ons  (Finch, 1938b) , and ad rena l ine  f o r  hyperglycemia (Gantt e t  a l .  , 1937) , 
w e  have been unable t o  ob ta in  cond i t iona l  r e f l exes .  
some e f f e c t s  throughout the  c e n t r a l  nervous system and o the r s  v i a  t he  per iphery,  
t he  central-nervous-system e f f e c t s  can be conditioned whcreas the  pe r iphe ra l  
e f f e c t s  cannot. This p a r t i a l  condi t ion ing  is an example of " f r a c t i o n a l  condi- 
t ion ing"  (Fleck and Gantt ,  1949). 

When an agent produces 

. 
Our r e s u l t s  with pe r iphe ra l  e l e c t r i c a l  s t imu la t ion  of t h e  h e a r t  a r e  an 

important extens ion of previous condi t ion ing  s t u d i e s  with drugs which a c t  
pe r iphe ra l ly  and they gene ra l i ze  the  app l i ca t ion  of t h e s e  s t u d i e s  t o  o the r  
forms of s t i m u  l a  t ion. 

From our work it appears t h a t  t he  c r i t e r i o n  f o r  e lec t rocard iographic  
condi t ion ing  is  the  involvement of t h e  c e n t r a l  nervous system i n  evoking 
t h e  p a r t i c u l a r  r eac t ion ,  namely, t he  mechanisms by which t h e  response is 
produced r a t h e r  than t h e  na tu re  of t h e  response i t s e l f .  Ext rasys to les  which 
a r e  mediated by the  c e n t r a l  nervous system can be condi t ioned whereas those 
e x t r a s y s t o l e s  which a r e  not mediated by t h e  CNS cannot be conditioned. 

The condi t ioning of ca rd iac  i r r e g u l a r i t i e s  is not  poss ib l e  i f  t he re  is 
no poss ib l e  "neuronal c losure"  ( i n  the  sense  i n  which the  Russians use  coupling) 
between t h e  uncondi t ional  and t h e  preceding cond i t iona l  s t imu l i .  These 

i r r e g u l a r i t i e s  induced by d i r e c t  s t imu la t ion  of t h e  hypothalamus can be condi- 
t ioned (Perez-Cruet, 1963). The "neuronal c losure"  between the  cond i t iona l  
s t imulus and t h e  "per ipheral"  induct ion of e x t r a s y s t o l e s  i n  our  s t imu la t ion  
of t he  myocardium was not  accomplished because t h e r e  is no r e f l e x  mediation 
f o r  "per ipheral ly"  induced ex t r a sys to l e s .  The f a i l u r e  t o  form a myocardial 
cond i t iona l  r e f l e x  can be explained by t h e  a p p l i c a t i o n  of a s t imulus d i r e c t l y  
t o  t h e  myocardium. Thus t h e  e f f e c t  on the  h e a r t  is a d i r e c t  one and n o t  medi- 
a t ed  through t h e  c e n t r a l  nervous system. Even though t h e r e  be a r ep resen ta t ion  
through feedback, t h i s  is no t  s u f f i c i e n t  f o r  t h e  formation of  a cond i t iona l  
r e f l e x .  
e x c i t a t i o n  and the  cond i t iona l  e x c i t a t i o n  have a common meeting ground i n  the  
c e n t r a l  nervous system. It is quest ionable ,  moreover, whether t h e r e  was any 
feedbsck through a f f e r e n t  impulses from our  s t imu la t ion  of t h e  myocardium. 

"neuronal c losures"  can be very c r i t i c a l .  For example, not a l l  card iac  

The cond i t iona l  r e f l e x  formation r equ i r e s  t h a t  t he  uncon4i t ional  

C l i n i c a l  impressions i n  humans with implanted ca rd iac  pacemakers ind ica t e  
t h a t  e l e c t r i c a l  s t imu la t ion  of  t h e  myocardium is insens ib l e  unless  extremely 
high cu r ren t  i n t e n s i t i e s  a r e  used. The f a c t  t h a t  no observable h e a r t  acce le ra t ion  
was observed a f t e r  myocardial s t imu la t ion  i n  our  dogs ind ica t e s  t h a t  the  stimu- 
l a t i o n  was not  pa infu l .  Fur ther  support  f o r  t h i s  impression is t h a t  the  animals 
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d id  not show any evidence of discomfort during s t imula t ion .  The c o s t a l  
r e t r a c t i o n  which was observed i n  some animals is probably a t t r i b u t e d  
t o  some i r r a d i a t i o n  of the  cu r ren t  t o  the  c o s t a l  nerves a c t i v a t i n g  a tempor- 
a ry  c o s t a l  r e t r a c t i o n  during s t imula t ion .  Only two dogs showed r e s t l e s s n e s s  
which could be a t t r i b u t e d  t o  t h e  c o s t a l  r e t r a c t i o n  but  t h i s  r e s t l e s s n e s s  
subsided rap id ly .  

Previously,  w e  found t h a t  cond i t iona l  tachycardia  a s  a component of 
food o r  pain r e f l exes  can be e s t ab l i shed  r e a d i l y  a f t e r  a few t r i a l s  (Gantt ,  
1960), o r  even a f t e r  one pa in fu l  t r i a l  (Newton e t  a l , ,  1961). I n  cont ra -  
d i s t i n c t i o n ,  t he  tachycardia produced by myocardial s t imu la t ion  could not  
be conditioned i n  s p i t e  of t he  f a c t  t h a t  t h e  number of t r i a l s  exceeded those  
normally required f o r  ca rd iac  condi t ioning of food o r  pain,  and even though 
t h e  v e n t r i c u l a r  r a t e s  exceeded t h e  h e a r t  r a t e  which is usua l ly  produced by 
food o r  pa in fu l  s t imula t ion .  
by "peripheral" e l e c t r i c a l  myocardial s t imu la t ion  cannot be condi t ioned whereas 
the  tachycardia t o  food o r  pa in fu l  s t imula t ion  can, rests upon t h a t  f a c t  t h a t  
t h e  l a s t  is "cen t r a l ly  mediated." 

The explanat ion of why the  tachycardia  induced 

The phenomenon of v a s o d i l a t a t i o n  observed a f t e r  myocardial s t imu la t ion  
can be explained on the  b a s i s  of t h e  card iac  slowing, however, t h e  mechanism 
f o r  t he  ca rd iac  slowing a f t e r  s t imu la t ion  is  y e t  t o  be s tud ied .  Recent s t u d i e s  
i n  s u r g i c a l l y  blocked dogs, where the  h e a r t  r a t e  was maintained with pace- 

u l a r  pacing (Brockman, 1965). The mechanism f o r  t h i s  e f f e c t  is probably hemo- 
dynamic because i f  t h e s e  changes were of a r e f l e x  na ture ,  some form of condi- 
t ioning would have been observed i n  our dogs. 

.. makers, have shown a t r a n s i e n t  v e n t r i c u l a r  a r r e s t  upon ces sa t ion  of t h e  ven t r i c -  
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b 

F i g .  1. Location o f  myocardial e lectrodes i n  the (a)  r ight  ventr i c l e  
and (b) left ventr i c l e .  

I ONE 

SHOT ' e 150 m sec L 

30 m see 
DURATION 

Fig.  2. Block diagram showing the design of the synchronizing c i r c u i t  
for e l e c t r i c a l  st imulation a f t e r  the depolarization of the ventr i c l e s  
( t  waves). Arrows indicate the d irect ion of e l e c t r i c a l  and physiological  
events .  



123 

Fig.  3. Polygraph t r a c i n g  i n  Brownie showing no condi t ion ing  of  e x t r a -  
s y s t o l e s  a f t e r  104 re inforced  t r i a l s .  CS s tands  for a 6 see .  cond i t iona l  
s t imulus (T 256). US s tands  f o r  uncondi t ional  s t imu la t ion  which i n  t h i s  ca se  
was given i n  the  r i g h t  v e n t r i c l e  ( see  run of ex t r a sys to l e s ) .  a,b,  and c y  
electrocardiograms f r o m  limb leads 1, 2 and 3. d, uncondi t ional  s t imulus 
marker, e and f ,  show DC (background luminosity) and AC ( p u l s a t i l e )  o p t i c a l  
pulse volume waves. g, beat- to-beat  h e a r t  r a t e .  

GS 1 see, 
- - . 

Fig.  4. Tracing i n  J e f f  showing no cond i t iona l  e x t r a s y s t o l e s  i n  t r i a l  
No. 6. a, b a n d - c y  electrocardiograms from l eads ,  1, 2 and 3. d, r e s p i r a t i o n .  
Note a s l i g h t  increment i n  r e s p i r a t o r y  r a t e  a f t e r  US. e, pu l se  volume waves. 
f ,  beat- to-beat  h e a r t  r a t e .  'CS,  cond i t iona l  s t imulus (T 256). 
t i o n a l  s t imulus t o  t h e  r i g h t  v e n t r i c l e .  

US, uncondi- 
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Fig. 5. Tracing i n  Russ showing no condi t ion ing  of ex t r a sys to l e s  af ter  
594 re inforced  t r i a l s ,  a ,  b and c,  electrocardiograms from limb leads 1, 2 ~ 

and 3. d, r e sp i r a t ion .  Note a slowing of r e s p i r a t i o n  a f t e r  US. e, uncondi- 
t i o n a l  st imulus marker. f and g, DC and AC o p t i c a l  pu lse  volume waves. Note 
a slowing of t h e  h e a r t  r a t e  and an increase  i n  t h e  pulse  volume amplitude 
a f t e r  US,  h ,  beat-to-beat h e a r t  r a t e .  CS, a 5 sec. condi t iona l  s t i m u l u s  
(T 800). US, unconditional st imulus t o  t h e  l e f t  ven t r i c l e .  

t o l ea  a f t e r  
leads 1, 2 
g, DC and 

cond i t  iona 1 
le. 
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c 

Fig.  7. Tracing i n  Limon showing no conditioning of extrasysto les  
a f t e r  36 reinforced t r i a l s .  a ,  b and c,  limb leads 1, 2 and 3 .  d, respirat ion 
Note an increase in  respiratory r a t e  even though there is  cardiac slowing. 
e, AC o p t i c a l  pulse  volume waves. f ,  beat-to-beat heart  r a t e .  CS, condit ional  
stimulus (T 256) .  US, unconditional stimulus t o  the  l e f t  v e n t r i c l e .  
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CARDIOVASCULAR CONDITIONING USING HYPOTHALAMIC STIMULATION AS AN UNCONDITIONAL 
STIMULUS. 

Changes i n  card iac  r a t e  and rhythm, including ex t r a sys to l e s ,  induced by 
s t imu la t ion  of vagus o r  sympathetic nerves have been amply demonstrated by 
Rothberger and Winterberg (1910) and Andrus and Carter (1930). St imulat ion 
o f  t h e  hypothalamus e l i c i t s  tachycardia o r  premature bea t s  according t o  
Beat t ie ,  Brow and Long (1930); Weinberg and Fus te r  (1960); and Hess (1957). 
Cardiac i r r e g u l a r i t i e s ,  including ex t r a sys to l e s  , have been e l i c i t e d  by condi- 
t i o n a l  r e f l exes  i n  man by Perez-Cruet (1962). Condi t ional  changes i n  the  
electrocardiogram including amplitude of T wave independent of  t he  accompanying 
tachycardia  have been reported a f t e r  repeated i n j e c t i o n s  of bulbocapnine, a 
c e n t r a l l y  a c t i n g  drug by Perez-Cruet and Gantt (1964). 

The main purpose of t he  present  s tudy is t o  determine whether cardiovas-  

I f  a coupling can be e s t ab l i shed  between a condi t iona l  s t i m u l u s  
c u l a r  responses induced by e l e c t r i c a l  s t imula t ion  of t he  hypothalamus can be 
conditioned. 
and e l e c t r i c a l  s t imu la t ion  of the hypothalamus, bas i c  p r i n c i p l e s  of psycho- 
genic inf luences on the  cardiovascular  system could be e luc ida ted  with t h i s  
experimental  model. 

In  14 dogs i n t r a c e r e b r a l  e lec t rodes  were implanted i n  t h e  hypothalamus 

E l e c t r i c a l  s t imu la t ion  was performed 
.h and o the r  s u b c o r t i c a l  a reas  using a Baltimore s t e r e o t a x i c  instrument and a 

s t e r e o t a x i c  a t l a s  of t h e  dog's b ra in .  
using a Tektronic s t imu la to r  and a t r a n s i s t o r i z e d  i s o l a t i o n  un i t .  A l l  experi-  
ments w e r e  c a r r i e d  out  i n  a soundproof room. The sub jec t s  were observed through 
a one-way mirror  and on c losed -c i r cu i t  t e l ev i s ion .  Electrocardiogram, using 
s tandard limb leads (I, 11, and III), r e s p i r a t i o n ,  and beat-by-beat changes 
in  h e a r t  r a t e  were recorded simultaneously throughout t h e  experiment. In  6 
dogs, d i r e c t  blood pressures  were measured by an i n t r a - a r t e r i a l  ca the t e r .  In  
some dogs , plethysmographic recordings , using an o p t i c a l  pick-up f o r  p u l s e  
changes, have been taken and pup i l l a ry  changes have been measured. 

The parameters of s t imu la t ion  cons is ted  of b i d i r e c t i o n a l  square waves 
of  100 cy/sec. ;  t r a i n s  of b iphas ic  pulses  were presented f o r  0.5 t o  1.0 second; 
cu r ren t  level var ied  between 0.5 t o  3 m a .  The e f f e c t s  of t he  e l e c t r i c a l  s t i m u -  
l a t i o n  a t  d i f f e r e n t  i n t e n s i t i e s  were t e s t e d  i n  a l l  i n t r a c e r e b r a l  placements 
a few days a f t e r  surgery.  

Conditioning was performed using e s t ab l i shed  procedures in  which a 
cond i t iona l  s t imulus (a tone of a given frequency such a s  256, 400 o r  1600 
cycles  per  second f o r  6 seconds) was re inforced  a t  t h e  end with e l e c t r i c a l  stim- 
u l a t i o n  t o  t h e  hypothalamus. 

All dogs displayed uncondi t ional  card iovascular  changes upon e l e c t r i c a l  
s t imu la t ion  of t h e  hypothalamus. Electrocardiographic  i n r r e g u l a r i t i e s  such 
as ex t r a sys to l e s ,  nodal bea ts ,  escape, AV block and Wenckebach phenomenon*< w e r e  
observed. 

* Periods i n  which P-R (A-V i n t e r v a l  i n  t h e  ECG lengthens progress ive ly  u n t i l  
a QRS complex (Vent r icu lar  response) drops ou t ,  whereupon t h e  pe r iod ic  p a t t e r n  
is repeated. 



128 

Figure 1 i l l u s t r a t e s  t h e  development of nodal ec top ic  bea ts  and v e n t r i c u l a r  
e x t r a s y s t o l e s ,  v i z .  t h e  uncondi t ional  ec top ic  bea t s ,  i n  t h e  f i r s t  50 re inforce-  
ments t o  the  hypothalamus i n  t h e  dog, Romulus. Note t h a t  4 t o  12 seconds a f t e r  
e l e c t r i c a l  s t imu la t ion  of t he  hypothalamic placement nodal bea ts  predominate 
(150 t o  210 o r  3 t o  4 pe r  4 seconds i n t e r v a l s ) .  
appear more f requent ly  (about 1 every 4 seconds) twenty seconds a f t e r  hypo- 
thalamic s t imu la t ion  a s  an uncondi t ional  s t imulus.  

Vent r icu lar  ex t r a sys to l e s  

Figure 2 i l l u s t r a t e s  a t r a c i n g  of  Wenckebach phenomenon a f t e r  hypothalamic 
s t imu la t ion  i n  another  dog, Neron. 

Increases  in  the  amplitude of t he  T wave were recorded i n  f i v e  dogs. 
Tlie h e a r t  r a t e  usua l ly  acce le ra t ed  from 40 t o  100 bea ts  above c o n t r o l  levels. 
Changes in  blood p res su re  ranged from 40 t o  150 mm Hg. above c o n t r o l  l e v e l s  
observed p r i o r  t o  s t imu la t ion .  Respiratory changes var ied ,  bu t  u sua l ly  t h e  
r e s p i r a t o r y  r a t e  was acce le ra t ed .  The amplitude of t he  plethysmogram was 
us ua 1 ly  decreased a f t e r  s t imu la t ion  (vasocons t r ic t ion)  . 

Cardiovascular condi t ion ing  t o  hypothalamic s t imu la t ion  has been observed 
i n  nine dogs. (A) Clear-cut  e lec t rocard iographic  condi t ion ing  has been observed 
i n  two dogs; one dog has shown condi t ion ing  of t h e  Wenckebach phenomenon ( see  
Figure 3 )  which was e l i c i t e d  by hypothalamic s t imula t ion ;  another  has shown 
condi t ioning of nodal rhythms and v e n t r i c u l a r  ex t r a sys to l e s  ( see  Figure 4 ) .  
Three dogs have shown t r a n s i e n t  condi t ion ing  of  t h e  T wave changes, s i m i l a r  
t o  those observed i n  the  cond i t iona l  r e f l e x  t o  bulbocapnine (Perez-Cruet and 
Gantt ,  1964). Two o the r  dogs, which developed e x t r a s y s t o l e s  i n  about 25-40% 
of the  re inforced  t r i a l s ,  d id  not show condi t ioning.  (B) Heart  r a t e ,  condi t ion-  
ing has been observed in  s i x  dogs; i n  t h r e e  dogs h e a r t  r a t e  cond i t iona l  r e f l exes  
were manifested a s  a severe supraven t r i cu la r  tachycardia .  Figure 5 i l l u s t r a t e s  
cond i t iona l  HR-CRY BP-CR and r e s p i r a t o r y  CRs t o  hypothalamic s t imu la t ion  during 
a non-reinforced (-CS) and re inforced  ( H S )  cond i t iona l  s t i m u l i .  ( e )  Blood- 
p re s su re  condi t ion ing  has been ev ident  i n  four  dogs showing t r a n s i e n t  cond i t iona l  
changes in  s y s t o l i c  and d i a s t o l i c  blood pressures .  In  one dog, cond i t iona l  
blood p r e s s u r e  changes w e r e  s tud ied  f o r  12 months. There was no evidence t h a t  
p e r s i s t e n t  hypertens ion had been produced by applying hypothalamic s t imu la t ion  
as an uncondi t ional  s t imulus i n t e r m i t t e n t l y  over t h a t  per iod.  However, t r a n s i e n t  
hypertens ion i n  t h e  experimental  environment was e s t ab l i shed  and t h i s  r eac t ion  
could not be ext inguished a f t e r  3,000 unreinforced t r i a l s  ( s ee  Figure 6) .  

H i s to log ica l  examination of t h e  b r a i n  has been performed i n  fou r  dogs. In  
one dog, i n  which cond i t iona l  e lec t rocard iographic  changes were observed, t he  
t i p  of t h e  e l ec t rode ,  from which cardiovascular  changes w e r e  e l i c i t e d ,  was 
located i n  t h e  d o r s a l  p a r t  of the  dorsomedial nucleus of t he  hypothalamus. I n  
another ,  i n  which h e a r t  r a t e  condi t ion ing  was observed, t h e  t i p  of t h e  e l ec t rode  
r e s t ed  i n  t h e  p o s t e r i o r  hypothalamus immediately ad jacent  t o  t h e  a n t e r i o r  
mammillary nucleus.  

The s tudy r evea l s  t h a t  card iovascular  r eac t ions ,  such a s  e lec t rocard iographic  
abnormali t ies  (Perez-Cruet, 1963), blood pressure  and h e a r t  r a t e  changes, induced 
by hypothalamic s t imu la t ion  can be conditioned. The study suggests  t h a t  e l e c t r o -  
cardiographic  condi t ion ing  can be mediated by e x c i t a t i o n  of supra-medullary 
nervous s t r u c t u r e s .  In  our experiments t h i s  e x c i t a t i o n  was produced d i r e c t l y  
by e l e c t r i c a l  s t imu la t ion .  On the  bas i s  of our f indings one can specu la t e  t h a t  
it is poss ib l e  f o r  a c t i v e  neu ra l  f o c i  t o  g e t  exc i t ed  by n a t u r a l  neura l  impulses 
and t h a t  a coincidence between e x t e r n a l  s t i m u l i  and t h e  development of these  
n a t u r a l  a c t i v e  f o c i  w i th in  t h e  hypothalamus o r  l imbic s t r u c t u r e s  can e s t a b l i s h  
o r  br ing  out  a "coupling" between the  e x t e r n a l  s t i m u l i  and neura l ly  mediated 
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i r r e g u l a r i t i e s ;  thus producing condi t iona l  ca rd iac  i r r e g u l a r i t i e s  and poss ib ly  
i n  extreme cases  ca rd iac  death.  Work is now i n  progress  t o  determine whether 
s i m i l a r  card iovascular  changes from o the r  b ra in  a reas  ( s t r u c t u r e s  r e l a t e d  t o  
t h e  limbic system) which a r e  known t o  e l i c i t  card iovascular  changes, can a l s o  
be elaborated as cond i t iona l  r e f l exes .  
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Fig. 5 .  
plethysmography, i n t r a - a r t e r i a l  blood pressure,  and hear t - ra te  beat-by-beat. 
During -CS (T512), there  is an acceleratory HR-CR (A, control :  
-HR-CR: 200 bpm). During fcs (T256) which was always reinforced with hypo- 
thalamic s t imulat ion there  is a l so  a HR-CR (A, control :  80 bpm; MR-CB: 
120 bpm). 
about 40 mm Hg below the pre-stimulus BP levels. 
cons is t  of a s l i g h t  increase in  BP (20 mm Hg above pre-stimulus levels). 
Hypothalamic stimulation, marked US, produced a sudden but shor t  l a s t ing  accel-  
e ra t ion  in  HR and an increase i n  blood p res su re  (30 t o  40 m Hg). 

Polygraph t rac ing  A and B i l l u s t r a t i n g  EKG, DC and AC o p t i c a l  

8Obpm; 

The t racings a l s o  i l l u s t r a t e  BP-CR is represented by a decrease 
During the WS, t he  BP-CR 
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Figure 6 :  Blood pressure and instantaneous heart rate responses 
t o  an auditory conditional stimulus during ex t inc t ion .  
A. cardiovascular conditional responses a t  the 
beginning of ex t inc t ion .  B .  a f t e r  3,000 ex t inc t ion  
repet i t ions  of the conditi&al s t imul i .  
atory tone (T256 or TBOO). 
(T512 or T1600). 

excit- 
-cS inhibi tory  tone 

Paper speed was 5 mm./sec.. 
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CARDIOVASCULAR FUNCTIONS AS AN INDEX OF PAVLOVIAN INHIBITION.  

Pavlovian i n h i b i t i o n  is a complex nervous process  which is t h e  r e s u l t a n t  
of  numerous psychophysiological a c t i v i t i e s  i n  an organism. Pavlov (1928) 
descr ibed t h e  process of i n h i b i t i o n  a s  e x t e r n a l  when it o r i g i n a t e d  from 
sburces  ou t s ide  of  t h e  s p e c i f i c  f i e l d  of e x c i t a t i o n  o r  as i n t e r n a l  when it 
o r ig ina t ed  from wi th in  t h e  s p e c i f i c  f i e l d  of e x c i t a t i o n .  Pavlov considered 
i n h i b i t i o n  a s  a "braking process" which manifests  i t s e l f  as a diminution o r  
disappearance of cond i t iona l  r e f l e x e s  (GR). The process  o f  i n h i b i t i o n  can be 
seen in  some cond i t iona l  autonomic func t ions  a s  shown by Alexajan (1958) 
and Pic  kenha i n  ( 195 9) . 

Gantt (1947) has t r i e d  t o  u s e  the  h e a r t  r a t e  (HR) a s  an  index of inhib-  
i t i o n  during i n h i b i t o r y  CR, v i z .  i n h i b i t o r y  ca rd iac  CRY because nega t ive  phases 
o f  i n h i b i t i o n  below a base l ine  could not  be de tec ted  with sec re to ry  CR, such 
a s  s a l i v a r y  CR, because t h e  s e c r e t i o n  never reaches a nega t ive  value.  

The purpose of t h i s  s tudy is twofold: t o  determine whether card iovascular  
func t ions  can be used a s  an index.of  Pavlovian i n h i b i t i o n  and t o  explore  the  
usefulness  of t h e  cumulative method of i l l u s t r a t i n g  t h e  development of i n t e r n a l  
i n h i b i t i o n  i n  t h e  form of  i n h i b i t o r y  ca rd iac  CR. 

Mater ia l  and Method 

Ten dogs w e r e  t r a i n e d  with a c l a s s i c a l  defens ive  condi t ion ing  method 
used previously (Gantt ,  1944). The dogs were placed i n  a soundproof room 
and they were observed through a one-way mir ror  i n  o rde r  t o  avoid s t i m u l i  
o t h e r  than the  cond i t iona l  s t i m u l i  from i n t e r f e r i n g  with t h e  experiments. 

Two tones w e r e  used a s  cond i t iona l  s t i m u l i  (CS). A 6-second tone, 256 
cy /sec . ,  was used a s  an e x c i t a t o r y  CS always r e in fo rced  with e l e c t r i c  shock 
t o  t h e  l e f t  fo re l eg  a t  t he  end of t h e  CS. Another 6-second tone, 512 cy/sec. ,  
was used a s  an inh ib i to ry  CS which was never re inforced .  The i n t e r t r i a l  
i n t e r v a l  between the  e x c i t a t o r y  and inh ib i to ry  tones was 2 minutes. I n  a l l  
dogs, e x t i n c t i o n  of t h e  o r i e n t i n g  r e f l e x  (OR) was c a r r i e d  on before  condi t ion-  
ing. 

Heart  r a t e  (HR) was measured with d Gil ford  cardiotachometer.  EKG was 
recorded concurren t ly  with the  analog HR output  from t h e  cardiotachometer.  
Concurrent recording of t h e  EKG was e s s e n t i a l  f o r  cross-checking and va l ida -  
t i o n  of t h e  analog HR output  from the  cardiotachometer.  The R wave from t h e  
EKG was used t o  t r i g g e r  t h e  Gi l ford  cardiotachometer using a t r i g g e r i n g  u n i t  
descr ibed elsewhere (Perez-Cruet, e t  a l . ,  1963). I n  some dogs, beat- to-beat  
HR changes were analyzed with an EKG r u l e r  and averaging was done using a 
method descr ibed  by Newton and Perez-Cruet (1965). Respi ra t ion  was monitored 
i n  some dogs with a c i rcumthoracic  s t r a i n  gage b e l t .  Motor CRs were a l s o  
measured and graded i n  terms of s t r e n g t h  of  fo re l eg  f lex ion .  

The a n a l y s i s  of  t h e  da t a  i n  t e r m s  of cumulative t r ac ings  was done us ing  
t h e  analog HR t r a c i n g  from t h e  Gilford cardiotachometer.  The cardiotachometer 
was c a l i b r a t e d  using ranges of 60, 120 and 240 bea ts  p e r  min. HR dece le ra t ion  
and acce le ra t ion  were represented respec t ive ly  by a decrease  o r  increase  i n  
the  l i n e a r  output  from t h e  cardiotachometer.  I n  t h i s  s tudy w e  measured t h e  
inh ib i to ry  process i n  terms of  HR dece lera t ion .  HR acce le ra t ion  was usual ly  
observed with the  e x c i t a t o r y  CS, Tone 256. For t h a t  reason, ana lys i s  of t he  
inh ib i to ry  process was done only during the  non-reinforced inh ib i to ry  CS, t h a t  
i s ,  Tone 512. 
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Figure 1: Tracings A & B i l lustrates  EKG and analog HR output 
from t h e  Gi l ford  cardiotachometer. A t  A ,  t r a c i n g  
represents  the  2nd non-reinforced t r i a l .  Note t h a t  
during non-reinforced tone (-CS) there  is an accel- 
e r a t i o n  i n  HR represented by an increase  i n  the 
l i n e a r  output from the  cardiotachometer. A t  B,  
t r a c i n g  represents  t he  35th non-reinforced t r i a l ,  
Note t h a t  during the non-reinforced tone ( 4 s )  
t he re  is a dece lera t ion  i n  HR represented by a de- 
c rease  i n  the  l i n e a r  output from t h e  cardiotachometer. 
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Figure 2:  Cumulative tracing showing the establishment and 
development of ac t ive  cardiac inhibit ion i n  five 
dogs. Note that inhibitory cardiac CRs appeared 
between the 14th and' 45th non-reinforced t r i a l s  
a f t e r  beginning of conditioning. 
inhibitory process is ac t ive  once it is establ ished,  

Notice that the 
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Figure 3: Tracing ietrat,.rg --i..ibitory car-,ac CRs from the 
Note that the beginning of conditioning i n  Jupiter.  

inhibitory process leveled between non-reinforced 
t r i a l s  20 and 38 and reappeared ac t ive ly  a f t e r  the 
40th non-reinforced t r i a l .  
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A dece le ra t ion  i n  HR, dur ing o r  immediately a f t e r  t h e  inh ib i to ry ,  CS 
was recorded a s  an i n h i b i t o r y  ca rd iac  CR. The i n h i b i t o r y  c a r d i a c  CR was 
p l o t t e d  on graph paper with o r d i n a t e  ind ica t ing  cumulated responses and i n  
t h e  absc i s sa  t r i a l  number. Every inh ib i to ry  ca rd iac  CR w a s  cumulated one 
s i n g l e  s t e p  pe r  response along the  o rd ina te .  T r i a l s  i n  which t h e r e  was an 
a c c e l e r a t i o n  o r  no changes i n  HR were no t  cumulated but  they were a l so  
recorded with t h e  inh ib i to ry  t r i a l s  a long t h e  absc i s sa .  The f i r s t  90 t o  
150 t r i a l s  were examined and p l o t t e d .  

Results : 

The resu l t s  showed a 70% incidence of  HR dece le ra t ion  during o r  a f t e r  
thc? i nh ib i to ry  tone 512 a s  condi t ion ing  progressed i n  our  series. 

Figure 1 i l l u s t r a t e s  a c t u a l  t r a c i n g s  of t h e  analog HR output  from the  
C i i fo rd  cardiotachometer dur ing  i n h i b i t o r y  tone 512 a f t e r  e x c i t a t o r y  tone 256 
(not i l l u s t r a t e d  in  t h e  f i g u r e )  has been re inforced  2 and 35 times respec t ive ly .  
Notice t h a t  i n  t r a c i n g  A a f t e r  2 re inforced  t r i a l s  t h e r e  is a s l i g h t  increase  
i n  HR dur ing  and a f t e r  t h e  inh ib i to ry  CS ind ica t ing  gene ra l i za t ion  of t he  e x c i t -  
a t o r y  ca rd iac  CR and l ack  of d i f f e r e n t i a t i o n .  I n  t r a c i n g  B, a f t e r  35 r e i n -  
forced t r i a l s  t h e r e  is a dece le ra t ion  i n  HR dur ing  and a f t e r  i nh ib i to ry  CS, 
tone 512. The dece le ra t ion  i n  HR i n  t h i s  t r a c i n g  was recorded a s  an inh ib i to ry  
ca rd iac  CR and p l o t t e d  a s  a response i n  t h e  cumulative t r a c i n g s .  

I n  5 dogs t h e  inh ib i to ry  process was de tec ted  i n  t h e  NR between non-rein- 
forced t r i a l s  14 and 45 a f t e r  t h e  beginning of condi t ioning,  a s  shown i n  
Figure 2 .  The o v e r a l l  percentages of cumulated responses a t  t h e  end of 100 
t r i a l s  va r i ed  between 25% and 40%. The s lope  of t h e  cumulative t r ac ings  was 
more r e l i a b l e  i n  i l l u s t r a t i n g  t h e  establ ishment  of t h e  inh ib i to ry  ca rd iac  CR 
than t h e  abso lu te  values  i n  o v e r a l l  percentages (see Figure 2) 

Another dog showed inh ib i to ry  card iac  CR immediately a f t e r  t he  f i r s t  
t r i a l  but  the  process disappeared between non-reinforced t r i a l s  20 and 38 and 
reappeared a f t e r  t he  40th non-reinforced t r i a l .  The percentage of cumulated 
responses a t  t h e  end of 100 t r i a l s  was 60% (see Figure 3 ) .  Furthermore, t h i s  
animal could be typed behaviora l ly  a s  an inh ib i to ry  type showing weak motor 
CRs . 

The HR dece le ra t ion  was  observed during e x t i n c t i o n  of t h e  o r i e n t i n g  
r e f l e x  t o  tone 2.56 and 512. Figure 4 i l l u s t r a t e s  75 t r i a l s  of o r i e n t i n g  
(broken l i n e s )  with tone 512 a s  t h e  o r i e n t i n g  s t imulus.  Note t h a t  t he re  a r e  
small  b u r s t s  of  dece lera tory  ca rd iac  responses dur ing  o r i e n t i n g  from t r i a l  
12 t o  t r i a l  40 and aga in  a f t e r  68 t r i a l s  of o r i en t ing .  During condi t ioning,  
s o l i d  l i n e s ,  t h e r e  a r e  more cumulative responses than during o r i e n t i n g  and 
t h e  process is d e f i n i t e l y  more a c t i v e ,  The i n h i b i t o r y  ca rd iac  CR i n  t h i s  
dog began t o  appear  c o n s i s t e n t l y  a f t e r  t h e  20th non-reinforced t r i a l .  The 
o v e r a l l  percentage of cumulated responses during o r i e n t i n g  was 8% and during 
condi t ion ing  33%. 

The beat-to-beat8HR a n a l y s i s  showed i n  some instances an i n i t i a l  sudden 
dece le ra t ion  followed by an acce le ra t ion  i n  HR two ca rd iac  cycles  a f t e r  onse t  
of t h e  inh ib i to ry  CS, reaching a peak a f t e r  t h e  4 th  bea t ;  then t h e  HR began 
t o  d e c l i n e  during t h e  tone,  decreasing below prest imulus HR l e v e l  a f t e r  t he  
inh ib i to ry  CS. Averaging across ,  beat- to-beat  r a t e s ,  showed c l e a r  c u t  card iac  
slowing a f t e r  t h e  inh ib i to ry  CS (see Figure 5 ) .  
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Figure 4: Tracing i l l u s t r a t i n g  cardiac deceleration during 
or ient ing  and inhibitory cardiac CRs during 
conditioning. 
t o  the non-reinforced CS (-CS) is more active 
during conditioning than during or ient ing .  
See text for explanation. 

Notice that  the cardiac deceleration 
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Figure  5: Average beat- to-beat  a n a l y s i s  of f i v e  s e l e c t e d  non- 
re inforced  t r i a l s  using B method descr ibed elsewhere 
(Newton & Perez-Cruet,  1965). 
st imulus HR l e v e l  (average across  a l l  prest imulus HR) 
is 105 bpm. During the  -CS t he re  is an i n i t i a l  sudden 
drop i n  HR t o  about 80 bpm followed by an acce le ra t ion  
t o  128 bpm i n  the 4th R-I2 interval .  
acce le ra t ion  the re  is a gradual decrease i n  HR t o  84 
bpm a f t e r  t h e  tone is off. Overa l l  average of HR 
across  R-R i n t e r v a l s  is shown i n  the  r i g h t  corner  
of the  f i g u r e ,  showing an average HR dece lera t ion  
a f t e r  -CS from 105 bpm (pre-stimulus) t o  95 bpm 
a f t e r  s t i m u l u s .  

Note t h a t  t h e  pre-  

A f t e r  the  peak 
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Figure 6: Cumulative tracing showing 3 dogs that  did not show 
c o n s i s t e n t l y  inh ib i tory  cardiac CR during -CS. 
Note that  there are "bursts" of inh ib i tory  cardiac 
CRs i n  Boush and J e f f .  The dog, Volta,  showed 
i n i t i a l l y  deceleration i n  HR to  -CS but there 
process l eve led  a f t e r  the 35th non-reinforced t r i a l .  
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The r e s u l t s  a l s o  showed t h a t  30% of the  dogs d i d  not  develop c o n s i s t e n t l y  
inh ib i to ry  ca rd iac  CRS a s  shown i n  F igure  6. I n  these  dogs, b u r s t s  of inhib-  
i t o r y  ca rd iac  CRs were usua l ly  observed, e s p e c i a l l y  i n  t h e  dogs Boush and J e f f .  
'l.31~ o v e r a l l  percentage of cumulative responses va r i ed  between 14% and 20% 
which was lower than i n  the  dogs with a c t i v e  ca rd iac  i n h i b i t i o n .  These 
animals showed an acce le ra to ry  response o r  no response during the  inh ib i to ry  
cs . 
Discuss ion: 

The experiments show t h a t  t he  HR is a u s e f u l  measure of i n h i b i t o r y  ca rd iac  
CR i n  c l a s s i c a l  condi t ioning.  This f ind ing  supports  Gant t ' s  o r i g i n a l  hypothesis  
t h a t  ca rd iac  func t ions  can i l l u s t r a t e  t h e  establ ishment  of a c t i v e  i n h i b i t i o n  of 
decreas ing  below a base l ine  HR level (Gantt ,  1960). 

The HR measure ind ica ted  t h a t  i n h i b i t i o n  was prominent i n  70% of the  
dogs. I n  the  remaining dogs t h a t  d id  not  show HR dece le ra t ion  during t h e  non- 
re inforced  t r i a l s  ( 4 s )  t h e  inh ib i to ry  process was probably very weak. On 
t h e  bas i s  of our  d a t a ,  one can p o s t u l a t e  t h a t  t h e  i n h i b i t o r y  process represented 
by a HR dece le ra t ion  does no t  occur in  a l l  animals.  It i s  uncont rovers ia l  
however, t h a t  t he  HR dece le ra t ion  which occurs during o r  a f t e r  t he  non-rein- 
forced t r i a l s  is an a c t i v e  process which in  t h e  Pavlovian paradigm represents  
ac t ive inh i b  it ion. 3, 

The u s e  of cumulative t r ac ings  t o  i l l u s t r a t e  a c t i v e  i n h i b i t i o n  was more 
r e l i a b l e  than the  o v e r a l l  percentages of t he  t o t a l  responses a l though obviously 
percentages i n  groups of  10 t r i a l s  would have a l s o  shown s i m i l a r  r e s u l t s  t o  
those in  the  cumulative record.  

One has t o  s e r i o u s l y  ques t ion  whether all forms of ca rd iac  dece le ra t ions  
a r e  always i n h i b i t o r y  i n  na tu re .  For example, t h e  e x c i t a t o r y  HR-CR i n  humans 
has been shown t o  be b iphas ic  o r  dece lera tory  (Notterman, Schoenfeld & Bersh, 
- 1952, Zeaman, Deane & Wagner, 1954, Wood & Obr i s t ,  1964). Deceleratory HR-CR 
has been observed i n  c a t s  (McLean, et a l . ,  1956), r a b b i t s  (Kosupkin & Olmstead, 
- 1943) , r a t s  (Bloch-Rojas , Tor0 & Pinto-Hamuy, 1964), opossums (Newton & Gantt ,  
- 1958) and occas iona l ly  i n  dogs (Gantt ,  1953). Furthermore, dece le ra to ry  ca rd iac  
responses have been observed dur ing  expectancy s i t u a t i o n s  i n  humans by Lacey 
(1964). 
i n  behaviora l ly  motivated animals (Malmo, 1961, Perez-Cruet, Black and Brady, 
- 1963). 
a b l e  t o  t h e  Pavlovian paradigm where t h e  processes  of  e x c i t a t i o n  and i n h i b i t i o n  
a r e  always competing, a s  Pavlov pos tu la ted  o r i g i n a l l y  wi th  t h e  s a l i v a r y  CR. 

Also HR dece le ra t ion  has been observed during s e p t a l  s e l f - s t i m u l a t i o n  

The usefu lness  of t h e  HR a s  an index of i n t e r n a l  i n h i b i t i o n  is appl ic -  

S tudies  by Fuhrer (1964) - i n  humans have shown HR dece le ra t ion  during non- 
re inforced  inh ib i to ry  CS i n  experiments with con t ro l l ed  r e s p i r a t i o n .  Fuhrer 
s t a t e  t h a t  it "appears premature t o  invoke a c t i v e  i n h i b i t i o n  a s  t he  physiologi-  
c a l  process which under l ies  t h e  HR dece le ra t ion  dur ing  inh ib i to ry  CS." Black, 
Carlson and Solomon (1962) have i n t e r p r e t e d  such a HR dece le ra t ion  as an a c t i v e  
inh ib i to ry  e f f e c t  which supports  Gant t ' s  o r i g i n a l  hypothesis .  We have appl ied  
t h i s  concept t o  ca rd iac  func t ions  with a knowledge of i t s  l imi t a t ions  and use- 
fu lness  in  c l a s s i c a l  condi t ioning.  

The use of card iovascular  func t ions  a s  an index of Pavlovian i n h i b i t i o n  
is  another  measure which, taken i n  conjunct ion with o the r  phys io logica l  para- 
meters, may shed some l i g h t  on t h e  na tu re  of t h e  inh ib i to ry  process.  The 
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app l i ca t ion  of  the  concept of i n t e r n a l  i n h i b i t i o n  i n  terms of HR dece le ra t ion  
is c e r t a i n l y  v a l i d  i n  a Pavlovian paradigm. 
card iac  CR t h i s  concept is p re fe r r ed  because of  t he  mul t ip l e  phys io logica l  
f ac to r s  involved in  t h e  neu ra l  r egu la t ion  of  ca rd iac  func t ions ,  Pavlov 
o r i g i n a l l y  appl ied  t h e  t e r m  "braking process" (from Russian Tormoz) meaning 
inh ib i to ry  process.  There is no doubt t h a t  such "braking process" is c l e a r l y  
i l l u s t r a t e d  i n  p a r t  B o f  F igure  1 and is represented by a gradual  slowing 
of  HR occurr ing  during and/or  a f t e r  t he  i n h i b i t o r y  CS. Although t h e  "braking 
process" is ev ident  i n  ind iv idua l  t r i a l s ,  a s  w e l l  a s  during t h e  development 
of d i f f e r e n t i a t i o n ,  v i z .  d i scr imina t ion ,  between e x c i t a t o r y  and inh ib i to ry  
CS, the  phys io logica l  mechanisms underlying such a process a r e  not  c l e a r l y  
understood, 
o r  sympathetic mechanisms a s  t h e  only mediators of t h e  "braking process" but  
i t  is b e t t e r  a t  p re sen t  t o  d e f i n e  such a process a s  i nh ib i to ry  unless  more 
psychophysiological mechanisms a r e  demonstrated. 

I n  explaining t h e  i n h i b i t o r y  

I n  o the r  words, it appears premature t o  invoke e i t h e r  parasympathetic 

The concept of  i n h i b i t i o n  is perhaps one of  t he  most important problems 
f o r  s tudy i n  t h e  labora tory  because it  is  he re  t h a t  perhaps some day sc ience  
w i l l  be a b l e  t o  c o n t r o l  and understand aggress ive  and d e s t r u c t i v e  behavior i n  
humans. These r e s u l t s  i nd ica t e  t h a t  the  establ ishment  of t h e  inh ib i to ry  process 
can be s tud ied  using ca rd iac  funct ions and i n  conjunct ion with o the r  autonomic 
and behavioral  parameters may be usefu l  i n  e l u c i d a t i n g  the  complex mechanisms 
respons ib le  f o r  t h e  establ ishment  of  a c t i v e  inh ib i t i on .  

Summary : 

Inh ib i to ry  ca rd iac  cond i t iona l  r e f l exes  were evaluated i n  t e r m s  of HR 
dece le ra t ion  i n  LO dogs. A Pavlovian paradigm was used with an e x c i t a t o r y  
tone (T 256) always re inforced  wi th  e l e c t r i c  shock t o  t h e  l e f t  fo re l eg  and 
followed 2 minutes l a t e r  by another  tone (T 512) which w a s  never re inforced .  
The HR dece le ra t ion  during o r  immediately a f t e r  t he  non-reinforced tone  (-CS), 
v i z .  i n h i b i t o r y  ca rd iac  cond i t iona l  r e f  lex, proved use fu l  i n  de t ec t ing  the  
spread of i n h i b i t i o n  i n t o  card iac  funct ions a f t e r  condi t ioning.  The, s tudy 
supports  Gant t ' s  hypothesis  t h a t  a change in  HR which can f l u c t u a t e  below a 
base l ine  may provide another  measure of i n h i b i t i o n  not  a v a i l a b l e  with t h e  
motor o r  s a l i v a r y  components where nega t ive  va lues  a r e  not  poss ib le .  
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CARDIAC CONDITIONING I N  DOGS WITH COMPLETE A-V BLOCK. 

The purpose of t h i s  s tudy is twofold: 1)  t o  determine t h e  e f f e c t s  
of cond i t iona l  stress i n  dogs with A-V block and 2)  t o  determine t h e  rela- 
t i v e  inf luence  of psychic s t fmula t ion  through cond i t iona l  yef lexes  on a t r i a l  
and v e n t r i c u l a r  r a t e .  It is  known t h a t  psychic stress produces de t r imen ta l  
e f f e c t s  on a diseased h e a r t , ' s u c h  a s  t h e  s u r g i c a l l y  blocked h e a r t ,  but  
s u r p r i s i n g l y  t h e r e  is no d e f i n i t e  knowledge as t o  how these  e f f e c t s  are 
mediated. Furthermore, t h e r e  is no evidence a v a i l a b l e  t o  us  t h a t  chronic  
psychic stress w i l l  eventua l ly  lead t o  ca rd iac  death.  The f a c t  t h a t  in  t h e  
dog the re  is no d e f i n i t e  e f f e r e n t  supply from the  parasympathetic system 
t o  the  v e n t r i c l e s ,  while  t h e  sympathetic supply t o  t h e s e  chambers is abundant 
s t imula ted  us  t o  s tudy  t h e  e f f e c t s  of a c l a s s i c a l  cond i t iona l  r e f l e x  on a t r i a l  
and v e n t r i c u l a r  r a t e  i n  order  t o  d e t e c t  poss ib l e  mechanisms through which the  
card iac  cond i t iona l  ref-lex is mediated. 

II 

Five dogs have been used i n  t h i s  experiment. Su rg ica l  A-V block was 
produced by c u t t i n g  the  bundle of H i s  wi th  a technique descr ibed elsewhere 
by S t a r z l ,  Gaertner and Baker (1955). Af te r  s u r g i c a l  block the  dogs were 
allowed t o  recupera te  from surgery  f o r  4 t o  7 days. The animals were then 
i so l a t ed  i n  a soundproof room and qbserved through a one-way window. The 
o r i e n t i n g  r e f  lex was s tud ied  f o r  s e v e r a l  days wi th  techniques employed previously 

l a t e r  used during condi t ioning,  Tones 256 cyc les  per  s ec .  and 512 cyaBes p e r  
s ec .  were presented a l t e r n a t e l y  a t  2 minute i n t e r v a l s  f o r  5 t o  20 t r i a l s  per  
tone each day. The dura t ion  of t h e  tone was 6 seconds. During the  condi t ioning 
t r a i n i n g ,  tone 256 cyc les  p e r  sec .  was always re inforced  wi th  a mild shock 
( 5  t o  10 v o l t s )  j u s t  s u f f i c i e n t  t o  cause a withdrawal of t h e  r i g h t  fore leg .  
Tone 512 was never r e in f s rced .  The i n t e r - t r i a l  i n t e r v a l  var ied  between 1 t o  2 

i n  our laboratory.  The o r i e n t i n g  , t r a i n i n g  cons is ted  of presenta t ion  of tones f 

- _  __-- --- - -  minutes. _. 

. .  
The techniques f o r  eva lua t ing  a t r i a l  and v e n t r i c u l a r  ra te 'changes 

w e r e  s tandard  and it  cons is ted  of measuring the  d i s t ance  between p-waves 
f o r  a t r i a l  r a t e  and the  d i s t ance  between R waves f o r  v e a t r i c u l a r  r a t e .  
Due t o  the  f a c t  t h a t  p-waves w e r e  occas iona l ly  buried i n  the  QRS complex, 
a t r i a l  r a t e  wvas measured i n  t h e  R t o  R i n t e r v a l s  where p t o  p i n t e r v a l s  
were c l e a r l y  def ined.  
wi th in  t h e  QRS complexes they were used t o  measure p t o  p i n t e r v a l  too.  

In  some cases  when the  p-waves were c l e a r l y  def ined 

The resul ts  have shown t h a t  a f t e r  s u r g i c a l  A-V block t h e  v e n t r i c u l a r  

The 
r a t e  drops from con t ro l :  
t o  50 v e n t r i c u l a r  con t r ac t ions  p e r  minute during complete A - V  block. 
degree of A-V block var ied  between 2: 1 t o  4 :  1 and a t r i o - v e n t r i c u l a r  d i s s o c i -  
a t i o n  was c l e a r l y  ev ident .  
t i ons  pe r  minute. 

60 t o  150 normal con t r ac t ions  p e r  minute t o  30 

The a t r i a l  r a t e s  var ied  from 60 t o  170 contrac-  

The motor o r i e n t i n g  r e f l e x ,  u n t i l  ext inguished,  was accompanied by an 
increment i n  t h e  a t r i a l  r a t e  and a s l i g h t  change in  t h e  v e n t r i c u l a r  r a t e .  
During condi t ioning,  the  ca rd iac  cond i t iona l  r e f  lex was charac te r ized  by a 
prompt and s i g n i f i c a n t  r ise in  t h e  a t r i a l  r a t e  which var ied  from 130 t o  190 
a t r i a l  cont rac t ions  p e r  minute i n  Sa l ly ;  110 t o  170 a t r i a l  cont rac t ions  p e r  
minute i n  Mack; 150 t o  169 cont rac t ions  pe r  minute i n  Temon; 170 t o  220 

. - _ _  _-_ ----- 
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Figure 1. I l lustrates  a t r i a l  and ven t r i cu la r  rates before ,  during and 

a f t e r  a re inforced  (+cS) and non-reinforced (-CS) condi t iona l  s t i m u l u s .  The 

upper ha l f  of the graph i l l u s t r a t e s  a t r i a l  rate t o  T 256 (GS) and T 512 (-CS). 

Note t h a t  there  i s  a s i g n i f i c a n t  increase i n  HR from 138 bpm t o  about 190 bpm 

during the  presenta t ion  of the  exc i t a to ry  condi t iona l  s t i m u l u s .  There i s  

another acce lera t ion  i n  a t r i a l  r a t e  produced by the  unconditional s t i m u l u s  (US) 

from 190 t o  210 bpm. There is  genera l iza t ion  of the condi t iona l  a t r i a l  r e f l e x  

t o  T 512 which i l lustrates  lack  of d i f f e r e n t i a t i o n  i n  t he  e a r l y  p a r t  of condi- 

t ioning.  Note 
* 

'The ven t r i cu la r  rate is shown i n  the  lower p a r t  of the f igu re .  

t h a t  during the +CS there  is a condft ional  increase in  the ven t r i cu la r  r a t e  

from 43 bpm t o  about 58 bpm. Note a l s o  that condi t iona l  ven t r i cu la r  r e f l e x  i s  

general ized t o  the -CS. The unconditional st imulus (US) produces an acce le ra t ion  

i n  ven t r i cu la r  rate of about 5 beats .  The absc issa  i s  the consecutive bea ts  

counted and the  ord ina te  represents  the card iac  rate f o r  a t r i a l  and v e n t r i c u l a r  

cont rac t ions .  The ven t r i cu la r  rate w a s  measured success ive ly ,  whereas the a t r i a l  

rate was measured consecut ively a s  described i n  the t e x t .  
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Figure 2. I l lus t ra tes  a t r i a l  and v e n t r i c u l a r  r a t e s  before ,  during and 

a f t e r  a re inforced  ( S S )  and non-reinforced ( 4 s )  condi t iona l  s t i m u l u s .  The 

upper half  of the graph i l l u s t r a t e s  a t r i a l  rate t o  T 256 (MS) and T 512 (-CS). 

Note t h a t  there  is  a s i g n i f i c a n t  increase  i n  HR from 120 bpm t o  about 17.0 bpm 

during the presenta t ion  of the exc i t a to ry  condi t iona l  s t imulus,  

another  acce le ra t ion  i n  a t r i a l  rate produced by the unconditional s t i m u l u s  (US) 

from 170 t o  218 bpm. There is genera l iza t ion  of the condi t iona l  a t r i a l  r e f l e x  

Theie is 

t o  T 512 which i l l u s t r a t e s  lack  of d i f f e r e n t i a t i o n  i n  the  e a r l y  part of condi- 

t ioning.  The v e n t r i c u l a r  r a t e  is shown i n  the lower p a r t  of the f igu re .  Note 

t h a t  there  is no s i g n i f i c a n t  change i n  the v e n t r i c u l a r  r a t e  during the condi t iona l  

s t i m u l u s  e i t h e r  during the +CS o r  the -CS. The unconditional s t i m u l u s  (US) 

produces an acce le ra t ion  i n  ven t r i cu la r  r a t e  of about 10 beats .  

the consecutive bea ts  counted and the ord ina te  represents  the card iac  rate f o r  

The absc i s sa  i s  

a t r i a l  and ven t r i cu la r  cont rac t ions .  The ven t r i cu la r  r a t e  w a s  measured succes- 

s ive ly ,  whereas the a t r i a l  rate was  measured consecut ively a s  described i n  the t e x t .  
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a t r i a l  cont rac t ions  pe r  minute i n  Gus Gus; and 7 8  t o  118 a t r i a l  con t r ac t ions  
pe r  minute i n  Dumbell. Three dogs, Sa l ly ,  Gus Gus and Dumbell, showed 
increments i n  v e n t r i c u l a r  r a t e  ( 3  t o  10 bea t s  p e r  minute) a s  a ca rd iac  
condi t iona l  r e f l e x .  The o the r  two dogs showed no s i g n i f i c a n t  change in  the  
v e n t r i c u l a r  r a t e .  

Figure 1 i l l u s t r a t e s  changes i n  v e n t r i c u l a r  and a t r i a l  r a t e  dur ing  a 
re inforced  tone (T 256) and a non-reinforced tone (T 512) i n  the  f i r s t  20 
t r i a l s  of the condi t ion ing  t r a i n i n g .  Note t h a t  t he re  a r e  d e f i n i t e  incre-  
m & t s  i n  t h e  a t r i a l  r a t e  t o  T 256 ( K S )  and T 512 (-CS) showing gene ra l i za t ion  
of the  cond i t iona l  r e f l e x  t o  the  inh ib i to ry  non-reinforced tone e a r l y  i n  
condi t ioning.  Note a l s o  t h a t  t h e  marked a t r i a l  r a t e  changes a r e  accompanied 
by a s l i g h t  increase  i n  the  v e n t r i c u l a r  rate. The a t r i a l  r a t e  is responding 
f a s t e r  and e a r l i e r  during the  cond i t iona l  s t imulus than does the  v e n t r i c u l a r  
r a t e ,  The uncondi t ional  s t imulus ( U S ) ,  o r  shock t o  the  fo re l eg  produced a 
f u r t h e r  increase  i n  a t r i a l  and v e n t r i c u l a r  r a t e s .  

Figure 2 i l l u s t r a t e s  a condi t iona l  r e f l e x  of t he  a t r i a l  r a t e .  I n  t h i s  
dog, t h e r e  is a d e f i n i t e  cond i t iona l  a t r i a l  a c c e l e r a t i o n  t o  tones 256 and 512 
during e a r l y  condi t ion ing  ( f i r s t  20 t r i a l s ) .  However, in  s p i t e  of t h i s  marked 
cond i t iona l  a t r i a l  a c c e l e r a t i o n  t h e r e  was c l e a r  evidence of cond i t iona l  
v e n t r i c u l a r  acce le ra t ion .  The uncondi t ional  s t i m u l u s  (US), as i n  the  prcvious 
dog, produced a d e f i n i t e  uncondi t ional  increase  i n  a t r i a l  and v e n t r i c u l a r  
r a t e s  . 

The r e s u l t s  show t h a t  the  cond i t iona l  a t r i a l  r e f l e x  is d e f i n i t e l y  s t ronge r  
than the  cond i t iona l  v e n t r i c u l a r  r e f l e x .  The f a c t  t h a t  t h r e e  dogs developed 
cond i t iona l  v e n t r i c u l a r  r a t e  changes ind ica t e s  t h a t  sympathetic nervous 
impulses  t o  t h e  v e n t r i c l e s  are ac t iva t ed  during the  cond i t iona l  process.  The 
da ta  show c l e a r l y  t h a t  t he  main inf luence  on t h e  h e a r t  is through t h e  s ino-  
a u r i c u l a r  node because & dogs showed cond i t iona l  a t r i a l  changes. 

The delayed condi t iona l  v e n t r i c u l a r  r e f l e x  suggest :  1) t h a t  t h i s  
response is probably mediated through neurohumoral mechanisms; 2) t h a t  
t he  spread of  cond i t iona l  e x c i t a t i o n  has t o  be very s t rong  i n  order  t o  
inf luence  t h e  v e n t r i c l e s ;  and 3) t h a t  t h e  cond i t iona l  e x c i t a t i o n  of t he  
v e n t r i c l e s  is slower than t h e  cond i t iona l  a t r i a l  exc i t a t ion .  

None of  t h e  dogs developed h e a r t  f a i l u r e  dur ing  the  condi t ioning 
t r a i n i n g ,  and two of  t h e  animals a r e  s t i l l  a l i v e  2 and 3 years  a f t e r  surgery.  
Three of the  animals were s a c r i f i c e d  and they a l l  showed enlarged h e a r t s  
a s  reported previously by S t a r z l  and Gaertner (1955). 

In  summary, t he  s tudy  ind ica t e s  t h a t  cond i t iona l  stress produced 
temporary stimulus-bound changes i n  a t r i a l  and v e n t r i c u l a r  r a t e s  wi th  no 
p r e c i p i t a t i o n  of  ca rd iac  death.  The psychic inf luence  through condi t ion ing  
on t h e  A-V blocked h e a r t  is d u a l  t h a t  is ,  through the  s ino -au r i cu la r  pace- 
maker and through v e n t r i c u l a r  pacemakers , but  t h e  s t ronge r  pathway f o r  such 
an inf luence appears t o  be through tbe s ino -au r i cu la r  node. Since t h e  
norma 1 pathway between the  s ino-aur icu lar  pacemaker and the  v e n t r i c l e  was 
c u t  t h i s  allowed us t o  determine t h e  a c t i v a t i o n  of v e n t r i c u l a r  pacemakers 
t o  psychic s t imula t ion .  The s tudy c l e a r l y  shows t h a t  t h e  cond i t iona l  psychic 
r e f  lex a c t i v a t e s  t h e  v e n t r i c l e s  a s  w e l l  a s  the s ino -au r i cu la r  pacemaker. 
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EPFECTS OF ALPHA, BETA A D E N E R G I C  AND PARASYMPATHETIC BLOCKADE ON CARDIOVASCULAR 
CONDITIONING. 

The purpose of  t h i s  s tudy was t o  determine t h e  r o l e  played by a lpha  and 
- be ta  blockade i n  dogs wi th  chronic  c e r v i c a l  vagotomies. 
were performed i n  unanesthet ized dogs t h a t  had w e l l  e s t a b l i s h e d  ca rd iac  condi- 
t iona l  reElexes. Alpha adrenerg ic  blockade was done with dibenzyl ine;  and be ta  
adrenerg ic  blockade was done wi th  d i ch lo ro i sopro te reno l  (DCI)  o r  propranolo l  
( Inde ra l ) .  In  order  to  i s o l a t e  t h e  ca rd iac  be ta  r ecep to r  mechanisms, some 
dogs w e r e  b i l a t e r a l l y  vagotomized o r  p r e t r e a t e d  wi th  a t ropine .  
o r  a t rop ine  pre t rea tment  was done i n  the  alpha adrenerg ic  r ecep to r  s tudy 
because a s  f a r  a s  w e  know, alpha r ecep to r s  a r e  no t  p re sen t  ig t h e  h e a r t .  
In  7 dogs w e  have s tud ied  h e a r t  r a t e  and blood p res su re  e i t h e r  under t h e  
alpha o r  be ta  r ecep to r  blockade. I n  2 of t hese  w e  have a l s o  s tud ied  o the r  
hemodynamic parameters such a s  a o r t i c  blood flow and v e n t r i c u l a r  pressures .  

Our experiments 

No vagotomy 

The r e s u l t s  show t h a t  a lpha r ecep to r  blockade inf luenced t h e  ca rd iac  
cond i t iona l  r e f l e x e s  i n  some dogs, i.e, d ibenzyl lne  diminished s l i g h t l y  t h e  
HR-CR e i t h e r  e a r l y  a f t e r  i n j e c t i o n  o f  d ibenzyl ine  o r  30 minutes l a t e r ,  bu t  
i n  some dogs these  r e s u l t s  were not  cons i s t en t .  Dibenzyline blocked the  BP- 
CRs completely. 
inversion of the  HR-CR t o  a tachycardia  HR-CR. 

Dibenzyline given t o  a dog with a bradycardia HR-CR showed 

The r e s u l t s  with be ta  adrenerg ic  receptor  blockade were more conclusive.  
D C I  usua l ly  blocked the  HR-CRs, but  D C I  had an undes i rab le  sympathomimetic 
s i d e  e f f e c t  which cons is ted  of  an increase  i n  t h e  HR base l ine  from 120 t o  
170 bpm. The more s p e c i f i c  be ta  adrenerg ic  r ecep to r  blocking agent,  propranolol  
( Inde ra l )  , d id  not  have undes i rab le  sympathomimetic e f f e c t s  and it usua l ly  
produced a decrease o r  no change i n  the  b a s e l i n e  HR level. Occasional ly  a 
s l i g h t  increase  i n  t h e  base l ine  HR was observed i n  some dogs. Propranolol  
a lone  without vagotomy o r  a t rop ine  pretreatment  could no t  completely block 
t h e  card iac  cond i t iona l  r e f  lexes although they w e r e  diminished a f t e r  t h e  drug. 
The dosage requi red  t o  ob ta in  t h i s  p a r t i a l  diminution o f  HR-CR var ied  between 
5 t o  10 mg/Kg., I.V.. In  t h e  dogs t h a t  had been p r e t r e a t e d  wi th  a t rop ine  
o r  b i l a t e r a l  vagotomy, propranolol  i n  doses from 1 t o  5 mg/Kg. o b l i t e r a t e d  
completely t h e  HR-CRs. - 

In  5 dogs i n  which w e  observed BP-CRs, propranolol  blocked o r  changed t h e  
magnitude of t h e  BP response i n  4 of  t h e  5 dogs. In  a dog i n  which propranolol  
d id  not  block t h e  BP-CRY pretreatment  with succ inylchol ine  had been c a r r i e d  
out  and t h i s  could have cont r ibu ted  t o  t h i s  e f f e c t .  This might suggest  t h a t  
propranolol  had blocked some pe r iphe ra l  be ta  adrenerg ic  mechanisms which could 
have influenced the  BP-CR. 

The r e s u l t s  with alpha and be ta  adrenergic  blocking agents  i nd ica t e s  t h a t  
i n  t h e  normal animal, where parasympathetic and sympathetic innerva t ion  is 
i n t a c t ,  t hese  two systems a r e  cons t an t ly  in t e rac t ing .  That i s ,  i f  one blocks; 
only t h e  be ta  and no t  t h e  parasympathetic mechanism one can s t i l l  observe an 
acce le ra to ry  o r  dece lera tory  HR-CR. S imi la r ly  i f  one blocks only t h e  parasympa- 
t h e t i c  e i t h e r  with a t r o p i n e  o r  s u r g i c a l  vagotomy one can s t i l l  g e t  an acce le ra to ry  
HR-CR which is mediated by t h e  sympathetic nervous system, and one has  i s o l a t e d  
t h e  be ta  receptor  ' influence.  When t h i s  is accomplished propranolol  o r  D C I  
w i l l  block completely t h e  mediation of t h e  HR-CR, This f a c t  i nd ica t e s  t h a t  
t he  card iac  condi t iona l  r e f l e x  is a neu ra l  event and t h a t  it is not  mediated 
by pe r iphe ra l  f ac to r s .  
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We Effect of Propranolol on Heart RBte Conditionlog tn  a Vagotomized Dog. 
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FIGURE 1 : 
in a vagotomized dog. Upper cont ro l  t rac ings  show condi t iona l  

hear t  r a t e  changes t o  the reinforced CS (T256 cps)  and non-reinforced CS 
(T512 cps).  Note t h a t  there  i s  a s i g n i f i c a n t  (p< 0.001) increase  i n  
hear t  rate t o  T256 and some genera l iza t ion  t o  T512 cps.  Propranolol 
(lower two curves) i n  doses of 1 mg/Kg., I . V .  blocked completely the 
condi t ional  card iac  responses i n  vagotomized dogs. It is of i n t e r e s t  
t o  point  out t h a t  the propranolol a l s o  decreased s i g n i f i c a n t l y  the  
e f f e c t s  produced by the  pa infu l  s t imulat ion.  
the basel ine HR l eve l  i n  the chronica l ly  vagotomized dog. 

I l l u s t r a t e s  the ef fee  ts of propranolol on cardiac condi t ioning 

Propranolol also lowered 
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CARDIAC CONDITIONING I N  DOGS WITH CHRONIC BILATERAL CERVICAL VAGOTOMIES. 

The purpose of t h i s  s tudy was t o  determine i f  ca rd iac  condi t ioning 
(HR-CR) could be e s t ab l i shed  i n  dogs with chronic  b i l a t e r a l  c e r v i c a l  
vagotomies. The experiments were conducted i n  f i v e  dogs in which the  vagi  
nerves were resec ted  i n  t h e  neck a t  the  level of the  3rd c e r v i c a l  ve r t eb ra  
and which had had c o r r e c t i v e  surgery f o r  pylorospasm, acha la s i a  and voca l  
cord pa ra lys i s ,  A l l  dogs had an i n i t i a l  t r a i n i n g  in  which tones of f requencies  
256 and 512 cycles  pe r  see.  w e r e  presented before  condi t ioning t o  determine 
t h e  ca rd iac  o r i e n t i n g  r e f l e x  (HR-OR). Af t e r  t he  i n i t i a l  eva lua t ion  of  the  
HR-OR, t o  t he  above tones,  c l a s s i c a l  condi t ioning t r a i n i n g  was s t a r t e d  wi th  
an e x c i t a t o r y  tone (T256 cps) always re inforced  wi th  a mild e l e c t r i c  shock 
t o  a fo re l eg  followed two minutes l a t e r  by another  tone of frequency 512 cps 
which was never re inforced .  The dura t ion  of t hese  tones was six seconds. 
Fxperiments w e r e  conducted i n  a soundproof room f o r  per iods ranging from 2 
t o  8 weeks.  The r e s u l t s  showed formation of ca rd iac  condi t ioning i n  3 out  
of 5 dogs. The base l ine  h e a r t  r a t e  (HR) i n  t h e  vagotomized dogs was 135, 
125, 250, 150 and 134 bea ts  p e r  minute (bpm) r e spec t ive ly .  During o r i e n t i n g  
t h e r e  were smal l  increments i n  HR from 3 t o  10 bea ts  above base l ine  a s  a 
HR-OR. The HR-OR cons is ted  of a marked acce le ra t ion  i n  HR from 135 t o  155; 
150 t o  174; and 130 t o  158 bpm respec t ive ly  dur ing  the  e x c i t a t o r y  tones i n  
t h e  t h r e e  dogs t h a t  showed ca rd iac  condi t ioning.  Figure 1 i l l u s t r a t e s  a 
HR-CR and BP-GR to  t h e  re inforced  cond i t iona l  s t i m u l u s  i n  a dog with b i l a t e r a l  
c e r v i c a l  vagotomy. The uncondi t ional  response t o  the  e l e c t r i c  shock, namely 
t h e  HR-UR, var ied  between 10 t o  55 bpm above base l ine  HR. Heart  r a t e  d i f f e r -  
e n t i a t i o n  between tones 256 and 512 cps was observed i n  two dogs. Figures 
2 and 3 i l l u s t r a t e  d i f f e r e n t i a t i o n  i n  HR-CR between a re inforced  (T256) and 
a non-reinforced (T512) tone,  r e spec t ive ly .  The la tency  'of t h e  HR-CR was 
usua l ly  3 t o  7 h e a r t  cyc les .  During c l a s s i c a l  condi t ion ing  t r a i n i n g  a l l  
dogs showed motor defens ive  responses t o  t h e  e l e c t r i c  shock. Strong motor 
cond i t iona l  r e f l exes  were observed in  two dogs which a l s o  showed motor 
d i f f e r e n t i a t i o n .  The o thers  showed weak motor condi t ioning.  The present  
s tudy ind ica t e s  t h a t  ca rd iac  condi t ioning can be e s t ab l i shed  i n  vagotomized 
dogs, provided the  dogs a r e  maintained in-hea l thy  condi t ion.  
supports  prel iminary da t a  from our  labora tory  which have suggested t h a t  
the  sympathetic system plays an important r o l e  i n  the  establ ishment  of 
card iac  condi t ioning.  

This s tudy 
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Figure 1. Illustrates Respiratory Motor Blood Pressure and 

Heart Rate conditional ref lexes  i n  a dog (Wallace) with chronic b i l a t e r a l  

cervical vagotomy. 

movements before the exci ta tory tone followed by a f o o t l i f t  during the 

tone. Motor conditional ref lexes ,  shown by the Movement Indicator,  is 

Note that the Movement Indicator sham ant ic ipatory 

accompanied by conditional changes in heart rate, blood presaure and 

respirat ion.  See the marker f o r  T256. The unconditional painful  

electric stimulus (US), t o  the skin,  indicated a t  the upper part of the 

tracing by the arrow, produces a fur ther  withdrawal of the l e g  and 

changes i n  blood pressure ,  respirat ion and hear t  rate as  unconditional 

reflexes.  
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Figure 2. I l l u s t r a t e s  Respiratory, Motor and Heart Rate conditioning 

to  the exci ta tory tone i n  another dog (Chocolate) a f t e r  69 t r i a l s .  

that during the tone the respiratory rate increases. 

a s  shown by the Movement Indicator and there is a de f in i t e  increase in  

Note 

There is a f o o t l i f t  

heart rate during the tone. The unconditional s t i m u l u s  (US), marked with 

the upper arrow, produces an increase i n  resp i ra t ion ,  movement of the l eg  

and a hear t  rate change. 



158 

Speed: 5 alwc.  T 512 
4 

Figure 3. I l l u s t r a t e s  d i f f e r e n t i a t i o n  of cond i t iona l  r e f l e x e s  i n  

Chocolate. Note t h a t  t he re  is a very s l i g h t  change i n  the r e s p i r a t o r y  

ra te ,  no movements and no change i n  h e a r t  rate when the non-reinforced 

T512 w a s  presented. 

the p re sen ta t ion  of the 69th reinforced t r i a l  wi th  T256 shown i n  Figure 2. 

The t r a c i n g  i n  Figure 3 was obtained 2 minutes a f t e r  
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CARDIOVASCULAR CHANGES DURING FIRST TRIALS OR ORIENTING I N  DOGS W I T H  BILATERAL 
CERVICAL VAGOTOMIES. 

A recent  review on h e a r t  r a t e  (HR) changes as a component of t h e  o r i en t ing  
responses (Graham & Cl i f ton ,  1966) has shown t h a t  numerous authors have reported 
an i n i t i a l  dece le ra t ion  i n  HR during the  e a r l y  phases of  or ien t ing .  
t o  Sokolov t h i s  i n i t i a l  slowing of h e a r t  ra te  is a t r u e  o r i e n t i n g  response 
which might be assoc ia ted  with a t t e n t i o n  and focusing reac t ions .  
by Lynch, 1967, show t h a t  90% of t h e  dogs s tud ied  by him showed d e f i n i t e  decel-  
e r a t i o n  o f  HR during t h e  f i r s t  10 t r i a l s  of o r i en t ing ,  
t h i s  laboratory,  Robinson and Gantt, 1947, reported both acce le ra t ion  and decel-  
e r a t i o n  i n  HR during e a r l y  o r i en t ing .  
considered go be a vagal  phenomenon. 

According 

Recent r epor t s  

P r i o r  t o  Lynch's study 

The e a r l y  o r i en t ing  bradycardia was 

The purpose of t h i s  study was t o  determine i f  t he  i n i t i a l  o r i en t ing  brady- 
card ia  could be observed i n  dogs i n  whom t h e  vagosympathetic trunks had been 
cu t  b i l a t e r a l l y  a t  t he  level of t h e  second and t h i r d  vertebrae.  Since the  HR 
dece le ra t ion  i n  e a r l y  o r i e n t i n g  has been implicated a s  being a vagal o r ig in ,  
w e  would have expected t h a t  a b i l a t e r a l  cervical vagotomy would completely o b l i t e r -  
a t e  t h i s  response. 

A t o t a l  of 5 dogs have been employed i n  these  s t u d i e s  which a r e  s t i l l  i n  
pro$ress. I n  3 dogs we have observed a d e f i n i t e  bradycardia during the  f i r s t  
o r i en t ing  t r i a l s .  The bradycardia during e a r l y  o r i e n t i n g  i n  t h e  vagotomized 
dogs is not as prominent as i n  t h e  normal dogs. Recording of blood pressure  
simultaneously with the  HR o r i e n t i n g  r e f l exes  has ru led  out t h a t  t he  bradycardia 
is of baroreceptor o r i g i n  because during t h e  slowing of HR i n  t h e  f i r s t  t r i a l s  
of o r i e n t i n g  t h e  s y s t o l i c  and d i a s t o l i c  blood pressure  is a l s o  decreased. The 
r e s p i r a t o r y  r a t e  during e a r l y  o r i en t ing  has also decreased, but t he re  have been 
cases i n  which dece le ra t ion  occurs independent of  r e sp i r a t ion .  

Studies a r e  now i n  progress t o  determine i f  t he  i n i t i a l  bradycardia observed 
i n  these  animals is mediated s o l e l y  by t h e  sympathetic nervous system o r  by 
poss ib l e  hemodynamic changes. Blockade with a be t a  adrenergic receptor  block- 
ing agent (propranolol)  w i l l  al low us to r u l e  ou t  hemodynamic f ac to r s  and w i l l  
enable us t o  determine the  sympathetic mediation of t h i s  o r i e n t i n g  bradycardia 
response. 

VAGO-RENAL REFLEXES ASSOCIATED WITH AFFERENT VAGAL STIMULATION. 

Renal s e c r e t i o n  was  measured i n  dogs with chronic implants of an 
u r e t e r  c a t h e t e r  before,  during and a f t e r  a f f e r e n t  s t imu la t ion  of t h e  left 
vagosympathetic trunk i n  a prepara t ion  where t h e  r i g h t  vagosympathetic trunk 
has been cut.  Stimulation of  t he  l e f t  vagosympathetic trunk s t i l l  connected 
t o  t h e  medullary cen te r s  but disconnected d i s t a l l y  t o  t h e  v iscera ,  produced 
a mild d i u r e t i c  r e f l ex .  The latency of t h e  d i u r e t i c  r e f l e x  was delayed and 
it was evident 30 t o  45 seconds a f t e r  a f f e r e n t  s t imu la t ion  i n  two dogs. The 
mediation of  t h i s  d i u r e t i c  r e f l e x  is probably c a r r i e d  by a f f e r e n t  f i b e r s  i n  
t h e  vagosympathetic t runk  and it  is probably r e l a t e d  t o  Henry-Gauer's aur icu lo-  
r e n a l  r e f l e x  which c o n s i s t s  of a r e n a l  d i u r e s i s  when t h e  r i g h t  a u r i c l e  i s  
distended. 
a f f e r e n t  f i b e r s  which could mediate the  Henry-Gauer d i u r e t i c  r e f l ex .  

This preliminary da ta  suggests t h a t  we a r e  probably s t imu la t ing  
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CHANGES I N  HEART RATE, BLOOD PRESSURE AND RESPIRATION DURING AFFEmNT VAGAL 
STIMULATION. 

Rosenblueth and Freeman (1931) repor ted  a dece le ra t ion  i n  h e a r t  rate (HR) 
by a f f e r e n t  s t imu la t ion  of t he  vagosympathetic trunk. Thei r  s t u d i e s  suggest  
t h a t  a f , f e ren t  s t imu la t ion  i n  some ins tances  produced a dece le ra t ion  of  HR. 
On the  b a s i s  of t h i s  observat ion they concluded t h a t  t h e r e  were ca rd iac  inh ib i -  
t o ry  func t ions  c a r r i e d  through sympathetic nerves and t h e i r  experiments a l s o  
suggested poss ib  le connect ions between sympathetic and parasympathetic medullary 
nervous pathways. 

The present  was designed t o  determine the  changes i n  HR, r e s p i r a t i o n  
and blood p res su re  (BP) produced by a f f e r e n t  vaga l  s t imu la t ion  in  anes the t ized  
and unanesthet ized animals, Four dogs have been used i n  t h i s  study. The 
animals were anes the t ized  with pen toba rb i t a l  anes thes ia .  
St imulat ion,  a t  a 30 cycles/second, 2 t o  3 v o l t s  i n t e n s i t y ,  S t o  1 second dur- 
a t i o n ,  was done f i r s t  through t h e  l e f t  vaga l  sympathetic t runk  which had been 
c u t  d i s t a l l y  bu t  with the  r i g h t  vagosympathetic t runk  i n t a c t .  After obta in ing  
t h e  e f f e c t s  of t he  a f f e r e n t  s t imu la t ion  with r i g h t  vagus i n t a c t ,  t h e  r i g h t  
vagosympathetic t runk  was subsequently c u t  a l lowing only t r u e  a f f e r e n t  vaga l  
s t imula t ion .  The r e s u l t s  obtained by s t imu la t ion  of  t h e  l e f t  vagosympathetic 
t runk  with i n t a c t  r i g h t  vagosympathetic were s i m i l a r  t o  those  obtained by 
Andrus, e t  a l . ,  1966. Afferen t  s t imu la t ion  of  the  l e f t  vagosympathetic t runk  
were the  r i g h t  vagosympathetic t runk  c u t  revealed i n  about 90% of  the  t r i a l s  
a d e f i n i t e ,  bu t  less marked, dece le ra t ion  i n  HR. There was an i n h i b i t i o n  of  
r e s p i r a t i o n  during a f f e r e n t  vagal  s t imula t ion .  The BP changes showed an inc rease  
i n  s y s t o l i c  and d i a s t o l i c  BP i n  one animal during and a f t e r  a f f e r e n t  s t imu la t ion  
of  t h e  vagosympathetic trunk; t h r e e  o the r  animals showed s l i g h t  decreases  i n  
BPs accompanying t h e  slowing of HR. 

Afferen t  b iphas ic  

The r e s u l t s  i n  four  animals showed t h a t  a f f e r e n t  s t imu la t ion  o f  t he  l e f t  
vagosympathetic t runk  i n  a prepara t ion  i n  which the  r i g h t  vagosympathetic 
t runk  has a l s o  been c u t ,  namely a t r u e  a f f e r e n t  s t imu la t ion ,  showed a slowing 
of HR and i n h i b i t i o n  of r e s p i r a t i o n .  The r e s u l t s  confirmed Rosenblueth and 
Freeman's work and they a l s o  showed t h a t  i nh ib i to ry  func t ions  on HR can be  
mediated through the sympathetic system. This f a c t  was confirmed by g iv ing  
an adrenergic  blocking agent  (propranolol)  which completely o b l i t e r a t e d  t h e  
responses e l i c i t e d  by a f f e r e n t  vagal  s t imula t ion .  

The f a c t  t h a t  t h i s  slowing i n  HR is mediated by t h e  sympathetic nervous 
system was confirmed using pharmacological blockade of the  be t a  adrenerg ic  
receptor  mechanisms. Af t e r  be ta  receptor  blockade t h e  HR slowing produced 
by a f f e r e n t  s t imu la t ion  was abol ished.  
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TKE EFFECT OF PERSON ON HEART RATE ANI) BLOOD PRESSURE I N  MONKEYS. 

Previous i n v e s t i g a t i o n s  from our  l abora to ry  have shown t h a t  t h e  presence  
o f  a person  can induce marked h e a r t - r a t e  changes i n  dogs.  Previous ly ,  w e  have 
shown marked changes i n  h a r t  r a t e  (HR) i n  monkeys produced by a person e n t e r -  
ing an exper imenta l  room,f This  response  is probably mediated through t h e  
sympathet ic  nervous system. 

The response t o  a person can b e  d iv ided  i n t o  two main components: one, 
the i n i t i a l  response  t o  a person which a c t s  a s  a primary s t i m u l u s  and two, t h e  
ex i t  o r  removal o f  t h e  person-st imulus component. The response  o f  pr imates  
t o  the  en t r ance  of  a person i n t o  t h e  room is very  complex, and it involves  t h e  
musculo-ske le ta l  and autonomic systems.  The psychocard iovascular  responses  
usua l ly  c o n s i s t  o f  an  a c c e l e r a t i o n  i n  HR. I;t h a s  been shown t h a t  t h i s  i n i t i a l  
response is d i f f e r e n t  from t a c t i l e  i n t e r a c t i o n s  such as p e t t i n g  an animal  i n  
wbich t h e  sychocard iovascular  response  u s u a l l y  c o n s i s t s  of  a d e c e l e r a t i o n  i n  

bu t  no t  i nva r i ab ly  produced a d e c e l e r a t i o n  i n  HR. 
h e a r t  r a t e  E . The ex i t  component o r  removal o f  t h e  person-st imulus u s u a l l y  

The purpose o f  t h i s  s tudy  was twofold: one,  t o  determine t h e  e f f e c t  of 
person on blood p r e s s u f e  (BP) and HR and two, t o  i n v e s t i g a t e  some of t h e  
mechanisms through which t h i s  response is mediated.  

Methods and Mat e r l a  1s 

Eight  rhesus  monkeys ( S s ) ,  weighing from 10 t o  14 l b s . ,  were s t u d i e d .  
I n  4 S s ,  only  HR was recorded.  I n  t h e  o t h e r  4Ss, d i r e c t  BP and HR w e r e  
recorded s imul&aneously us ing  techniques  desc r ibed  elsewhere 3 ~ 4 .  
were r e s t r a i n e d  i n  monkey c h a i r s  and i s o l a t e d  i n  a soundproof room. Phys io logi -  
c a l  measurements were recorded on a Type R Offner  polygraph. 

A l l  Ss 

R e s  u 1 t s 

The r e s u l t s  showed marked changes i n  BP and HR when t h e  person en te red  
t h e  soundproof room, as shown i n  F igu re  1. Pre-s t imulus  HR levels i n  4 njonkeys 
were: 150, 144, 108 and 229 bpm r e s p e c t i v e l y .  The e n t r a n c e  o f  a person i n t o  
t h e  experimental  room increased  t h e  HR from 6 t o  13 h e a r t  b e a t s  above pre-  
s t imu lus  l e v e l s  i n  t h e  f i r s t  10 R-R beat-count  af ter  e n t e r i n g  t h e  room. The 
next  10 R-R beat-count  showed an  i n c r e a s e  o f  9 t o  24 h e a r t  b e a t s  above p r c -  
s t imu lus  levels. The a c c e l e r a t i o n  of HR produced by a person e n t e r l n g  C l l c  

room was h igh ly  s i g n i f i c a n t  ( p  -001) .  F igu re  2 i l l u s t r a t e s  t h e  heat-by-beat 
a n a l y s i s  of HR changes i n  4 monkeys when a person e n t e r s  the  room. h e - s t i m u l u s  
3P va lues  i n  4 monkeys were: 156/96, 104/66, 158/92 and 160/92 r e s p e c t i v e l y .  
The en t r ance  of  a person i n t o  t h e  exper imenta l  room increased  t h e  BP t o  178/122, 
122/76, 168/102 and 190/110 r e s p e c t i v e l y .  The l a t e n c i e s  of t h e  BP response  
va r i ed  between 3 t o  2 1  seconds.  
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TABLE 1 

EFPECT OP ATROPINE AND DIBENZYLINE ON TIE BLOOD-PRESSURE RESPONSE TO A 
PERSON ENTERING A ROOM. 

P r  e - s t imu 1 u s  
Blood Pressure+< Response t o  Person 

Blood-Pressure E 

Atropine 28 S 155 
(SQ-0.1 mg/kg) D 100 

Pre-Drirg 39 S 148 
D 92 

S 168 
D 105 

S 174 
D 110 

S 168 
D 105 

Dibenzyl iiic 11 S 66 S 66 
(IV-10 mg/kg) D 30 D 30 

* Blood p r e s s u r e  i n  mm. Hg measured i n t r a - a r t e r i a l l y  w i t h  a technique  
desc r ibed  elsewhere3. 
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Drug S tud ie s  

Drug s t u d i e s  were employed i n  o rde r  t o  e l u c i d a t e  the  mechanisms involved 
i n  t h e  mediat ion of  t h e  psychocardiovascular  response t o  person. 
i d j e c t e d  i n  dosages of .1 mg.kg i n  1 monkey d i d  not  block t h i s  response.  How- 
ever, t h e  response was blocked completely wi th  d ibenzy l ine  i n  intravenous dosages 
of  10 mg/kg. Table 1 summarizes t h e  r e s u l t s  wi th  drugs .  That t h e  response t o  
a person is mediated via sympathet ic  pathways ia  supported by experiments now 
i n  progress ,  because it  has been observed i n  animals w i th  ch ron ic  mid-cerv ica l  
vagatomies. Fu r the r  evidence t h a t  t h i s  response is sympathet ic  i n  o r i g i n  has  
been obta ined  i n  dogs wi th  s u r g i c a l  AV b lock  i n  which t h e  v e n t r i c u l a r  r a t e  is 
increased  through t h e  e f f e c t  o f  person. 

Summary 

Atropine 

This  pre l iminary  d a t a  sugges t s  t h a t  t h e  psychophysiological  mechanisms 
under ly ing  t h e  e f f e c t  o f  person might be  important i n  a s s e s s i n g  sympathet ic  
i n f luences  on t h e  ca rd iovascu la r  system. The experiment might a l s o  be u s e f u l  
i n  e l u c i d a t i n g  t h e  mechanisms involved i n  t h e  i n t e r a c t i o n  between a person and 
an experimental  s u b j e c t .  
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CEIANGES I N  HEART RATE AND BLOOD PRESSURE DURING VESTIBULAR STLMULATION 
U S I N G  CALORIC TESTS, 

Cardiovascular changes in  humans during c a l o r i c  s t imu la t ion  of t h e  
v e s t i b u l a r  apparatus  a r e  w e l l  known. Measurement of  t hese  card iovascular  
func t ions  i n  monkeys was undertaken in  order  t o  quan t i fy  t h e  degree, na tu re  
and d i r e c t  ion of card iovascular  changes during severe nystagmus fol lowing 
c a l o r i c  s t imu la t ion .  
fol lowing c a l o r i c  s t imu la t ion ,  ca rd iac  condi t ion ing  would be attempted. 
Four rhesus monkeys were s tud ied .  Heart r a t e  was obtained using implanted 
S . Q .  e lec t rodes ;  blood p r e s s u r e  was measured us ing  a chronic  i n t r a - a r t e r i a l  
indwelling c a t h e t e r ;  eye movements were measured wi th  implanted e l ec t rodes  
on each s i d e  of  t h e  o r b i t  of t h e  eye. Tests were made in  anes the t i zed  
(Sernylan 1 to  2 cc S.Q.) and i n  awake monkeys. The awake monkeys were 
re s t r a ined  i n  Foringer  c h a i r s .  Hot o r  co ld  water, f o r  c a l o r i c  s t imu la t ion  
of the  v e s t i b u l a r  appara tus ,  was introduced i n t o  the  e x t e r n a l  aud i to ry  
cana l  through a long c a t h e t e r  which had been implanted t o  f a c i l i t a t e  chronic  
i r r i g a t i o n  of t he  e a r .  

If t h e r e  w e r e  s i g n i f i c a n t  card iovascular  changes 

Heart  r a t e  and blood p res su re  changes were measured only when t h e  
monkeys had unmistakable nystagmus a f t e r  c a l o r i c  s t imu la t ion .  The card io-  
vascular  changes a s soc ia t ed  with nystagmus were evaluated by comparing the  
average of  10 consecut ive blood p r e s s u r e  readings,  s y s t o l i c  and d i a s t o l i c ,  
and h e a r t  r a t e  recordings,  i.e. a per iod of 10 h e a r t  bea ts  of  t he  per iod 
j u s t  before  and a f t e r  i r r i g a t i o n  began and a per iod during seve re  nystagmus. 

Out of  a t o t a l  of  68 tests only 25 p r e c i p i t a t e d  a c l ea r - cu t  episode of 
h o r i z o n t a l  nystagmus which was a l s o  c l e a r l y  recorded wi th  t h e  implanted 
e l ec t rodes .  During "anesthesia"  wi th  Sernylan*, 15 c l ea r - cu t  episodes of 
ho r i zon ta l  nystagmus w e r e  induced. In  awake animals p r e c i p i t a t i o n  and s t i m u -  
l a t i o n  of nystagmus was more d i f f i c u l t  probably due t o  s p a t i a l  o r i e n t a t i o n  
o r  compensatory mechanisms. In  t h e  "anesthetized" monkeys , severe  nystagmus 
produced a s l i g h t  increase  in  average s y s t o l i c  pressure  (4.7 mm Hg.) and 
average d i a s t o l i c  p r e s s u r e  (6.2 mm Hg.). I n  t h e  awake monkeys, s i m i l a r  
changes i n  blood p r e s s u r e  were observed (average s y s t o l i c  p re s su re  increased 
4.9 mm Hg. and d i a s t o l i c  pressure  5 mm Hg.). I n  "anesthet ized" animals t he  
average h e a r t  r a t e  changes a s soc ia t ed  wi th  nystagmus were a l s o  very minimal 
(6.0 bea ts  p e r  minute i n  t h e  awake animals).  

Tables 1, 2 and 3 show the  results of  ind iv idua l  tests before  and a f t e r  
c a l o r i c  s t imu la t ion ;  before  and a f t e r  beginning of nystagmus; dur ing  severe 
nystagmus; and a f t e r  nystagmus. 
determinat ions,  a r e  shown on t h e  l e f t  of t a b l e s  (A). Heart r a t e  changes, 
shown on the  r i g h t  of t ab le s  ( B ) ,  were measured before  and during nystagmus. 
The r e s u l t s  of our  experiments showed incons i s t en t  card iovascular  changes 
during severe nystagmus induced wi th  c a l o r i c  s t imu la t ion  by i r r i g a t i o n  of 
t he  e x t e r n a l  aud i to ry  cana l .  However, ho t  i r r i g a t i o n  produced increases  i n  
blood pressure  more c o n s i s t e n t l y  than co ld  water  i r r i g a t i o n .  

Di rec t  blood p r e s s u r e ,  s y s t o l i c  and d i a s t o l i c  

The experiments w e r e  at tempted t o  determine the  c o n d i t i o n a b i l i t y  of 
v e s t i b u l a r  responses i n  pr imates ,  but  due t o  t h e  inconsis tency of t he  response 
no f u r t h e r  condi t ion ing  was attempted. 
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RELATIONSHIP BETWEEN RESPIRATORY RATE, TIDAL VOLUME AND CARDIAC CONDITIONING 
( I n  Progress) ,  

S tudies  are now i n  progress  t o  develop adequate means of recording 
r e s p i r a t i o n  i n  unanesthet ized pr imates  and dogs. Previously we have used 
a c i rcumthoracic  s t r a i n  gage b e l t  t o  measure r e s p i r a t o r y  rate. This method 
of recording r e s p i r a t o r y  r a t e  has been very use fu l ,  bu t  it is s e n s i t i v e  t o  
movement a r t i f a c t s .  

Recently w e  have developed techniques f o r  recording r e s p i r a t i o n  w i t h  
thermocouples which have been implanted i n  the  t rachea .  The advantages of 
using implanted thermocouples a re :  1) they can determine rate and t o  some 
ex ten t  volume dur ing  r e s p i r a t i o n ;  2) they  can be  used for EKG by recording 
from one s i d e  of t h e  thermocouple w i r e  t o  a ground w i r e ;  3) body temperature 
can be obtained with c a l i b r a t e d  thermocouples; and 4) they are less s e n s i t i v e  
t o  movement a r t i f a c t  because they are f ixed  t o  the  t rachea .  _____-____- --...-- . .. - . .  

Figure  LA i l l u s t r a t e s  a t r a c i n g  obtained with a thermocouple pick-up 
which have been i n  the  t rachea f o r  14 days. Note t h a t  an EKG is  recorded 
from thermocouple t o  ground lead. Eigure 1 B  i l l u s t r a t e s  the surgical  s t e p s  
f o r  implanting a thermocouple pick-up i n  the  t rachea .  

Fig. 1B w +-.Thermocouple Pick-Up 
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STUDIES OF SINUS ARRHYTHMIA 

. ..- L 

The s tudy  o f  t h e  r e l a t i o n s h i p  o f  h e a r t  r a t e  t o  r e s p i r a t i o n  is p e r t i n e n t  
t o  i n v e s t i g a t i o n s  concerning c a r d i a c  cond i t ion ing .  There have been, a nunber 
o f  i n v e s t i g a t i o n s  showing t h a t  r e s p i r a t i o n  p l ays  an important r o l e  i n  humin 
c a r d i a c  cond i t ion ing  a s  shown by Westcot t  ahd Hut ten locher  (1961) and Woods 
and O b r i s t  (1964). 
be  employed as an uncond i t iona l  s t imu lus  t o  e s t a b l i s h  c a r d i a c  c o n d i t i o n a l  
r e f l e x e s  i n  humans (Perez-Cruet ,  1962). 

Other  i n v e s t i g a t i o n s  have shown t h a t  r e s p i r a t i o n  can a l s o  

In  s t u d i e s  by Perez-Cruet and Gantt  (1961) where t h e  r e l a t i o n  between 
r e s p i r a t i o n  and h e a r t  r a t e  was i n v e s t i g a t e d  i n  normal and h e a l t h y  dogs they  
found t h a t  s i n u s  arrhythmia pers  is t e d  even when t h e r e  w e r e  marked a c c l e r a  t ions 
of  r e s p i r a t i o n  due t o  pan t ing  o r  a f t e r  drugs which produced muscular i n h i b i t i o n  
and ca rd iovascu la r  changes (Perez-Cruet and Gant t ,  1959, 1964). These i n v e s t -  
i g a t o r s  a l s o  found t h a t  t h e  f l u c t u a t i o n s  o f  h e a r t  r a t e  which fo l low a given 
r e s p i r a t o r y  p a t t e r n  can con t inue  hn many ins t ances  even when t h e  r e s p i r a t o r y  
r a t e  changes r a p i d l y .  They concluded t h a t  s i n u s  arrhythmia can fo l low a 
rhythmical  h e a r t  rate f l u c t u a t i o n  p a r a l l e l  t o  a former p a t t e r n  of r e s p i r a t o r y  
r a t e  and t h a t  it can occas iona l ly  be una l t e red  du r ing  r ap id  changes of t h i s  
r a t e .  I n  o t h e r  words, i n  some dogs,  where t h e  p a t t e r n  of  s i n u s  arrhythmia 
fol lows p r e c i s e l y  t h e  slow r e s p i r a t o r y  ra te ,  t h e  s i n u s  arrhythmia p a t t e r n  
p e r s i s t s  unchanged when t h e  r e s p i r a t i o n  changes t o  a r a p i d  pan t ing ,  Therefore ,  
r e s p i r a t o r y  r a t e  de te rmines  f l u c t u a t i o n s  of h e a r t  r a t e  under usua l  cond i t ions  
and t h i s  u sua l  p a t t e r n  i n  impressed on t h e  h e a r t  r a t e  i n  p re fe rence  t o  a 
f l u c t u a t i o n  based on a sudden a l t e r a t i o n  o f  r e s p i r a t o r y  ra te .  These o r i g i n a l  
obse rva t ions  on t h e  presence  o f  s i n u s  arrhythmia du r ing  extreme forms of 
b rea th ing  such a s  pan t ing  i n  dogs were l a t e r  e l abora t ed  by r e c e n t  s t u d i e s  
(Perez-Cruet ,  Newton and Gant t ,  1965). 

F igu re  1 i l l u s t r a t e s  an  example where the p a t t e r n  of  s i n u s  a r rhythmia ,  
p rev ious ly  a s s o c i a t e d  wi th  a r e g u l a r  slow b rea th ing ,  con t inues  du r ing  r a p i d  
b r e a t h i n g  (pant ing)  a t  110 r e s p i r a t o r y  cyc le s  p e r  minute  (marked - s h o r t  pan t ing  
i n  t h e  i l l u s t r a t i o n )  and even du r ing  a more p e r s i s t e n t  ep isode  o f  r a p i d  b rea th -  
ing  (marked prolonged pant ing)  a t  r e s p i r a t o r y  rates of 150 and 160 cyc le s  p e r  
minute.  Note t h a t  du r ing  t h e  prolonged pant ing  t h e r e  is a tendency f o r  t h e  
s i n u s  arrhythmia t o  d iminish  but  t h a t  t h e  prev ious  r e s p i r a t o r y  p a t t e r n  imposed 
on t h e  h e a r t  r a t e  f l u c t u a t i o n  s t i l l  p e r s i s t s .  

F igu re  2 shows s i n u s  arrhythmia i n  ano the r  dog d u r i n g  pan t ing  i n  which 
t h e  f a s t  r e s p i r a t o r y  movements a r e  deep o r  sha l low which i n  t h i s  p a r t i c u l a r  
t r a c i n g  i l l u s t r a t e s  no c l e a r  r e l a t i o n s h i p  between depth  o f  b r e a t h i n g  du r ing  
pan t ing  and s i n u s  arrhythmia.  

IR our  s t u d i e s  i n  unanes the t i zed  dogs i s o l a t e d  i n  sound proof rooms, 
s i n u s  arrhythmia is a very  common phenomenon. It is our  impression t h a t  t h e  
presence  of  s i n u s  arrhythmia i n  t h e s e  animals  i n d i c a t e s  t h a t  t h e  animals  a re  
n o t  ill o r  f r igh tened  by t h e  procedures .  This  impression is suppor ted  by 
s t u d i e s  t h a t  have shown t h a t  s i n u s  arrhythmia is very  common i n  h e a l t h y  rindis- 
tu rbed  dogs (Detweiler, 1960). 
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I sec. - 

Figure 1. Sinus arrhythmia during ehort  and prolonged panting i n  an un- 
anesthet ized dog i so la ted  i n  a soundproof room. Tracing 1, a t  the  
top, is a cont ro l  record of EKG ( chest  lead ) and r e sp i r a t ion  (Resp. ) . 
Respiration was measured with a circumthoracic strain-gauge respirometer. 
Control h e a r t  r a t e  is 55 beats par  minute and cont ro l  resp i ra t ion  is 
25 resp i ra tory  cycles per minute. Tracing 2,  middle t racing,  i l l u s t r a t e s  
sudden appearance of panting fo r  7 seconds. 
arrhythmia previously seen during the  cont ro l  period and p r io r  t o  
panting s t i l l  p e r s i s t s  even when resp i ra t ion  has changed abruptly in to  
a rapid resp i ra tory  rate .  TracLngs 3 a and b i l l u s t r a t e s  the  presence 
of sinus arrhythmia during more prolonged panting f o r  31 s a o n d s .  
Note tha t  s inus arrhythmia is s t i l l  evident  i n  s p i t e  of ,the 
increase i n  resp i ra tory  r a t e .  

Note t h a t  a two-beat s inus  
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Figure 2. Sinus arrhythmia during deep (D) and shallow (S) panting. 
Tracing 1 i l l u s t r a t e s  EKG (chest  lead ); hear t  r a t e ,  beat-to-beat 
from a Gilford cardiotachometer; and resp i ra t ion  (Resp) . Amplitude 
of the  resp i ra tory  curve represents depth of breathing during 
panting. Respiration was measured with a circumthoracic respirometer. 
Respiratory r a t e s  during panting varied from 230 t o  280 resp i ra tory  
cycles per minute. Tracing 2 shows same physiological measurements 
as i n  t racing 1 except t ha t  deep and shallow panting occur i n  
succession more frequently than i n  the f i r s t  tracing. Mote t h a t  
s inus arrhythmia s t i l l  is present during deep o r  shallow panting 
a t  r a t e s  of 230 t o  280 resp i ra tory  excursions per minute. 
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Figure 3. Two-beat s inus  arrhythmfa i n  phase with r e sp i r a t ion .  Note t h a t  
a f t e r  a long pause two beats  with normal p waves ( s i n u s  beats  ) occur 
i n  succession followed by another long pause. 

Figure 4. Dissociat ion of s inus  arrhythmia and r e sp i r a t ion .  The t r ac ings  
a l s o  i l l u s t r a t e  two-beat s inus  arrhythmia during panting. 1. E W  
( cheat lead ); 2 .  h e a r t  rate, beat-to-beat from a Gilford cardio- 
tachometer; 3. Respiration ( t r ac ing  imnediately below t h e  r e s p i r a t i o n  
channel is a movement ind ica to r  channel ). 4. Direct i n t r a - a r t e r i a l  
blood pressure i n  min. Hg.; and 5. standard EKG ( lead I1 ). Note t h a t  
during t h e  two-beat s inus  arrhythmia the re  is an increase i n  s y s t o l i c  
blood pressure during the  f a s t  beat ( marked with a 2 on top of the 
blood pressure t r ac ing ) .  
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The most t y p i c a l  s i n u s  arrhythmia c o n s i s t s  of  p rogres s ive  a c c e l e r a t i o n  
i n  h e a r t  r a t e  followed by d e c e l e r a t i o n  which usua l ly ,  bu t  no t  always, is i n  
phase wi th  r e s p i r a t i o n .  The s i n u s  arrhythmia usua l ly  occurs  i n  m u l t i p l e  
p a t t e r n s  and t h e  number of  h e a r t  b e a t s  w i t h i n  a r e s p i r a t o r y  c y c l e  can vary 
between t h r e e  h e a r t  b e a t s  o r  two 6 t o  R i n t e r v a l s  t o  a s  many as 12 o r  more 
R t o  R i n t e r v a l s  w i t h i n  a long r e s p i r a t o r y  cyc le .  The number of  R t o  R 
i n t e r v a l s  w i t h i n  a given s i n u s  arrhythmia c y c l e  is c a l l e d  a two-beat s i n u s  
arrhythmia descr ibed  o r i g i n a l l y  by Perez-Cruet,  Newton and Gantt  (1964).  
Two-beat s i n u s  arrhythmia is a s p e c i a l  t ype  of arrhythmia i n  which a f t e r  a 
long pause,  t h e  s i n o a u r i c u l a r  node i n i t i a t e s  two success ive  b e a t s  followed 
by ano the r  pause.  This type  of  s i n u s  arrhythmia resembles cases  of  premature 
c o n t r a c t i o n s ,  such a s  coupl ing,  bu t  i t  d i f f e r s  from t h e  l a s t  i n  t h a t  t h e  
b e a t s  a r e  of  s i n u s  o r i g i n .  F igu re  3 i l l u s t r a t e s  a n  example of  two-beat . 
s i n u s  arrhythmia i n  phase wi th  r e s p i r a t i o n .  hTe have observed t h i s  t ype  of  
two-beat s i n u s  arrhythmia i n  about  80% of  our  dogs. It usua l ly  occurs  
s p o r a d i c a l l y  and i n  many ins t ances  is a s s o c i a t e d  wi th  a f a s t  r e s p i r a t o r y  
r a t e .  This type  of s i n u s  arrhythmia is u s u a l l y  accompanied by changes i n  
blood p r e s s u r e  a s  shown i n  F igure  4. Note t h a t  t h e  s y s t o l i c  blood p r e s s u r e  
inc reases  du r ing  t h e  second h e a r t  bea t  ( f a s t  b e a t )  i n  about 80% of  t h e  dogs 
shown i n  t h i s  f i g u r e ,  bu t  i n  some cases  t h e  s y s t o l i c  blood p r e s s u r e  dec reases .  
W e  do no t  have any d e f i n i t e  explana t ion  a s  t o  why t h e  s y s t o l i c  blood p r e s s u r e  
usua l ly  inc reases  and a t  o t h e r  t i m e s  decreases .  A t  f i r s t  i t  was p o s t u l a t e d  
t h a t  t h e s e  changes i n  blood p r e s s u r e  were e n t i r e l y  a s s o c i a t e d  wi th  a c r i t i c a l  
h e a r t  r a t e  i n t e r v a l ,  t h a t  is, very  f a s t  h e a r t  rates i n t e r f e r e d  wi th  c a r d i a c  
f i l l i n g  caus ing  a dec rease  i n  s y s t o l i c  p re s su re .  However, even under t h e s e  
cond i t ions  on many occas ions  w e  observed an  inc rease  i n  s y s t o l i c  blood p r e s -  
s u r e  wi th  t h e  f a s t  b e a t .  W e  a l s o  found t h a t  t h e  inc rease  i n  s y s t o l i c  blood 
p res su re  d u r i n g ,  t h e  f a s t  b e a t  occurred more o f t e n  i n  record ings  from t h e  
cen t r a  1 ascending a o r t a  than  from t h e  p e r i p h e r a l  o r  abdominal a o r t a ,  when t h e s e  
p re s su res  were recorded s imultaneously through indiv idua  1 i n t r a - a o r t  i c  
c a t h e t e r s  i n  t h e  same animal.  F igu re  5 i l l u s t r a t e s  a number of  blood p res -  
s u r e  de te rmina t ions  from t h e  ascending and abdominal a o r t a  i n  two dogs,  Hobo 
and J e f f .  Note t h a t  i n  Hobo t h e  c e n t r a l  s y s t o l i c  p re s su re  inc reases  wi th  t h e  
f a s t  bea t  whereas t h e  p e r i p h e r a l  s y s t o l i c  p r e s s u r e  shows less ins t ances  wi th  
such an inc rease  du r ing  t h e  f a s t  bea t .  S i m i l a r l y  i n  t h e  dog J e f f ,  t h e r e  is 
a d e f i n i t e  tendency f o r  t h e  s y s t o l i c  p re s su re  t o  inc rease  du r ing  t h e  f a s t  
bea t  from reco rd ing  of  c e n t r a l  p re s su res  b u t  t h i s  tendency is much less i n  
t h e  record ings  from t h e  abdominal a o r t a .  Another f i n d i n g  is t h a t  wh i l e  t h e  
s y s t o l i c  p r e s s u r e  inc reases  o r  decreases  dur ing  t h e  f a s t  bea t  i n  two-beat 
s i n u s  arrhythmia,  t h e r e  is a d e f i n i t e  dec rease  i n  a o r t i c  and c a r o t i d  blood 
flows, a s  w e l l  a s  i n  t h e  ampli tude of  t h e  o p t i c a l  plethysmogram, a s  shown i n  
F igure  6 and 7 .  

Although t h e  mechanisms f o r  t h e  inc rease  i n  s y s t o l i c  p r e s s u r e  dur ing  two- 
bea t  s i n u s  arrhythmia a r e  no t  known t h e r e  has  been i n t e r p r e t a t i o n s  made by 
Woodbury on s i m i l a r  blood p r e s s u r e  changes seen  wi th  premature a u r i c u l a r  con- 
t r a c t i o n s  i n  c h i l d r e n  du r ing  which t h e  s y s t o l i c  p re s su re  increased  du r ing  t h e  
f a s t  bea t  probably due t o  an  inc rease  i n  a t r i a l  f i l l i n g .  

During s i n u s  arrhythmia wi th  more prolonged cyc le s  t h e  d i f f e r e n c e s  
between t h e  average  h e a r t  r a t e  a t  t h e  low p o i n t  ( f i r s t  bea t  of  t h e  cyc le )  
and t h e  peak of  t h e  c y c l e  can range  from 19 t o  94 b e a t s  p e r  minute. The 
d i f f e r e n c e s  between t h e  average s y s t o l i c  and average  d i a s t o l i c  blood p res su re  
of  t h e  f i r s t  b e a t  and t h e  peak of  t h e  c y c l e  can range from 2 t o  38 mm Hg. 
How a r e  w e  then  t o  s e p a r a t e  t h e s e  s i g n i f i c a n t  increments i n  h e a r t  r a t e  and 
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Figure 5. Two-beat s inus  arrhythmia: comparison of c e n t r a l  and per iphera l  
blood pressures  on ind iv idua l  beats  i n  two dogs ( Hobo and J e f f  ). 
Ordinate  represent  t h e  h e a r t  r a t e  ( R-R i n t e r v a l  ) i n  bea t s  per 
minute; absc issa  represent  d i r e c t  i n t r a - a r t e r i a l  blood pressure.  
Central  and per iphera l  blood pressure from ascending and abdominal 
ao r t a  respec t ive ly .  Close dot(*) represent  first ( slow ) h e a r t  
bea t  and open dotlo) second ( f a s t  ) h e a r t  bea t  during two-beat 
s inus  arrhythmia. Note t h a t  t h e  s y s t o l i c  a o r t i c  pressure  increases  
&re cons i s t en t ly  during t h e  f a s t  bea t  i n  t h e  pressure  readings 
from t h e  ascending aor ta .  
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Figure 6. Cardiovascular changes during s inus arrhythmia. 1. Blood flow 
from ascending ao r t a  using an electromagnetic flow probe which has been 
implanted for  one month; 2. Central  ( i n t r a - a r t e r i a l  ) blood pressure 
from ascending aorta;  3. Per ipheral  ( i n t r a - a r t e r i a l  ) blood pressure 
from abdominal aor ta ;  4. Respiration; 5. Flow in t eg ra t ion  curve; 
6. Impedance plethysmogram; 7. EKG ( lead I1 ); and 8. Heart rate, 
beat-to-beat from Gilford cardiotachometer. Note t h a t  during a two- 
beat  s h u s  arrhythmia ( marked with black arrow ) t h e  p u l s a t i l e  
a o r t i c  blood flow amplitude is reduced s l i g h t l y ,  but h e a r t  r a t e ,  cen t ra l  
and per ipheral  s y s t o l i c  pressures a r e  increased during t h e  second beat.  
Note also t h a t  t he  maximum level of d i a s t o l i c  pressure and h e a r t  rate 
a t  the peak of t he  s inus arrhythmia cyc le  preced t h e  maximum s y s t o l i c  
pressure during longer cycles of s inus  arrhythmia a s  shown with 
curved arrows. 
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Figure 7 :  
pressure during two-beat s inus  arrhythmia. 1. Respirat ion 2. DC o p t i c a l  
plethysmogram 2. AC o p t i c a l  plethysmogram 4. c e n t r a l  blooz p r e s s u r e  fzom 
t h e  ascending a o r t a  
a r t e r y  recorded wi th  a DC coupler 
with an AC coupler.  
two-beat s inus  arrhythmia cyc les ,  marked 1 and 2 on the  blood pressure t r ac ing ,  
the s y s t o l i c  pressure increases  s l i g h t l y ,  but  the p u l s a t i l e  c a r o t i d  blood 
flow and o p t i c a l  plethysmogram decrease. 

Changes i n  c a r o t i d  blood flow (electromagnetic) and c e n t r a l  blood 

5. EKG (lead 11) 

Time cons tan t  set  a 0.03 second. Note t h a t  during 

5. Blood f low through i n t e r n a l  ca ro t id  
1. Blood flow ( in t e rna l  c a r o t i d )  recorded 
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blood p r e s s u r e  from those  observed du r ing  c a r d i a c  cond i t ion ing?  I n  ou r  
s t u d i e s  w e  have found t h a t  s i n u s  arrhythmia fo l lows  a g iven  p a t t e r n  which 
is usua l ly ,  bu t  n o t  always,  a s s o c i a t e d  w i t h  r e s p i r a t i o n .  During cond i t ion ing ,  
however, t h e  c a r d i a c  changes a r e  more exaggerated than  those  observed a t  t h e  
peak of t h e  s i n u s  arrhythmia c y c l e .  Also by averaging  techniques ,  desc r ibed  
i n  prev ious  r e p o r t s ,  c a n c e l l a t  ion of t h e  i r r e g u l a r i t i e s  due to  s i n u s  arrhytlimia 
is accomplished a f t e r  many s i n u s  arrhythmia c y c l e s  have been added and averaged.  
However, t h e  s i n u s  arrhythmia c o n t r i b u t e s  d e f i n i t e l y  t o  h igh  s t anda rd  d e v i a t i o n s  
and wide range  of va lues  i n  his tograms o f  c a r d i o v a s c Q l a r  func t ions  such a s  
heart  r a t e  and blood p res su re .  

Although t h e  exact mechanisms o f  s i n u s  arrhythmia a r e  n o t  known, w e  
have found a number of r e l a t i o n s h i p s  which sugges t  t h a t  s i n u s  arrhythmia can  
be  inf luenced  by f a c t o r s  o t h e r  than r e s p i r a t i o n .  For  example, we have no t  
on ly  observed s i n u s  arrhythmia du r ing  pant ing ,  a s  shown i n  F igu res  1 and 2 ,  
bu t  w e  have a l s o  seen  it  dur ing  b r e a t h  ho ld ing  du r ing  d i v i n g  under water i n  
iguanas (green iguanas) .  Vallbona, et a l .  (1965) i n  a s e p a r a t e  s tudy  have 
a Is0 observed s inus arrhythmia du r ing  apnea and they a l s o  observed s inus 
arrhythmia a t  t h e  same p e r i o d i c i t y  a s  b e f o r e  t h e  apnea. Also hemodynamic 
f a c t o r s  which probably s t i m u l a t e  r e c e p t o r s  w i t h i n  t h e  h e a r t  a r e  involved i n  
t h e  genes is  o f  s i n u s  a r rhythmia ,  because it has  been shown t h a t  t h e  maximum 
h e a r t  r a t e  and d i a s t o l i c  p r e s s u r e  levels always preceded t h e  maximum s y s t o l i c  
p r e s s u r e  a t  t h e  peak of t h e  s i n u s  arrhythmia c y c l e  (Perez-Cruet ,  1965).  

One of  t h e  most i n t e r e s t i n g  f i n d i n g s  o f  s t u d i e s  which a r e  now i n  p rogres s ,  
is t h e  appearance of s i n u s  arrhythmia i n  dogs w i t h  compldte mid -ce rv ica l  
vagotomies which have been t r e a t e d  wi th  p roprano lo l  ( I n d e r a l ) .  The c e n t r a l  
mediat ion of s i n u s  a r rhythmia  has  been a t t r i b u t e d  e n t i r e l y  t o  t h e  vagus nerve  
and t h e s e  p re l imina ry  obse rva t ions  i n  a vagotomized animal  may sugges t  t h a t  
even i n  t h e  absence of  t h e  vagus nerve  and blockage o f  t h e  b e t a  a d r e n e r g i c  
r e c e p t o r s  i n  t h e  h e a r t ,  one can s t i l l  observe  s i n u s  a r rhythmia .  How are  w e  
t o  exp la in  s i n u s  arrhythmia i n  t h e  vagotomized dog where t h e  vagus ne rve  has  
been completely r e s e c t e d  i n  the neck? It appears  from our  p re l imina ry  obser -  
v a t i o n s  t h a t  s i n u s  arrhythmia is a ra te-dependent  phenomenom, that  is, i f  t h e  
h e a r t  r a t e  is  too  f a s t  then t h e  s i n u s  arrhythmia d iminishes .  Slowing o f  t h e  
r e s t i n g  h e a r t  r a t e  u s u a l l y  permi ts  s i n u s  arrhythmia t o  reappear .  I n  t h e  
vagotomized dogs, where t h e  h e a r t  r a t e  can vary  very l i t t l e  bu t  where r a t e s  
vary  from 135 bpm i n  some dogg t o  250 bpm i n  o t h e r s ,  f l u c t u a t i o n s  i n  h e a r t  
r a t e  a s s o c i a t e d  wi th  r e s p i r a t i o n  have been observed only  i n  t h o s e  dogs w i t h  
low r e s t i n g  h e a r t  r a t e  levels. 

From t h e  above obse rva t ions  it  appears  t h a t  t h e r e  a r e  i n t r i n s i c  mechanisms 
w i t h i n  t h e  h e a r t  which can produce s i n u s  a r rhythmia .  These i n t r i n s i c  mechanisms 
a re  probably s i m i l a r  t o  those  desc r ibed  e l sewhere  by James (1963) who has shown 
t h a t  an i n c r e a s e  i n  p e r f u s s  ion p r e s s u r e  through t h e  s i n o a u r i c u l a r  a r t e r y  produces 
a bradycard ia  due to  s t i m u l a t i o n  o f  r e c e p t o r s  w i t h i n  t h e  s h e a t h  of t h e  a r t e r y  
supply ing  t h e  s i n o a u r i c u l a r  node. It is p o s s i b l e  t o  p o s t u l a t e  t h a t  t h e  increment 
i n  d i a s t o l i c  p r e s s u r e  du r ing  t h e  peak of t h e  s i n u s  arrhythmia c y c l e  is  one 
p o s s i b l e  t r i g g e r i n g  mechanism f o r  i n i t i a t i n g  t h e  d e c e l e r a t i o n  o f  h e a r t  r a t e  
du r ing  s i n u s  a r rhythmia .  

More r e c e n t l y ,  i n  some dogs para lyzed  by d - tubocura r ine  o r  succ iny lcho l ine ,  
f l u c t u a t i o n s  i n  h e a r t  r a t e  can be  i n  o r  o u t  o f  phase wi th  a r t i f i c i a l  r e s p i r a t i o n  
where t h e  depth  and r a t e  @re kept c o n s t a n t .  
r e s p i r a t i o n  can  s h i f t  du r ing  a g iven  exper imenta l  s e s s i o n  s o  t h a t  an  indepen- 
dence o r  a dependence can be  e s t a b l i s h e d  ( s t u d i e s  of Newton and Perez-Cruet) .  

These phase r e l a t i o n s h i p s  wi th  
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Ins tances  of d i s s o c i a t i o n  of s inus  arrhythmia from r e s p i r a t i o n  i n  dogs 
under cu ra re  o r  succinychol ine suggest  t h a t  ches t  expansion is not  t h e  
c r i t i c a l  f a c t o r  i n  t h e  genesis  of t h e  s inus  arrhythmia.  According t o  
C lynes '  (1960) s t u d i e s ,  pulmonary s t r e t c h  r ecep to r s  should be  respons ib le  
f o r  s inus  arrhythmia.  However, on account of t h e  numerous experiments 
a l ready  presented i n  t h i s  s e s s ion ,  it is c l e a r  t h a t  t h i s  is not  t h e  only 
mechanism. 
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BLOOD PRESSURE AND HEART RATE CHANGES DURING SINUS ARRHYTHMIA. . 

The most t y p i c a l  s inus  arrhythmia (SA) c o n s i s t s  of a progress ive  acce l -  
e r a t i o n  i n  h e a r t  r a t e  (HR) followed by dece le ra t ion  which is  usua l ly ,  but not 
always, i n  phase with r e s p i r a t i o n .  SA cyc les  always have two o r  more s inus  
bea t s .  Two-beat SA is cormnonly seen i n  dogs (Perez-Cruet, e t  a l ,  Phys io logis t ,  
7:  222,  1964). In  t h i s  s tudy,  t he  ana lys i s  of SA cyc les  of 4 o r  more bea ts  
was done i n  7 dogs. F i f t y  SA cycles  were s e l e c t e d  a t  random from each dog. 
Records had been taken with t h e  dog s tanding  q u i e t  i n  a soundproof room a t  7 4 O  F. 
HR was measured with a R-R r u l e r  i n  bpm. Direct BP from the  lower abdominal 
a o r t a  was measured with a Statham transducer .  Four dogs showed a h igher  incidence 
of 5 bea t  SA cycles  (38 t o  60%) and 6 bea t  SA cyc les  (12 t o  36%), whi le  t h e  
rest showed a h igher  incidence of 7 ,  9 and 11 beat  SA cycles  (22, 34 and 26%). 
The HR and BP increased during the  a c c e l e r a t i v e  phase of SA and decreased 
during the d e c e l e r a t i v e  phase. 
curves. The d i f f e rences  between the  mean HR of t h e  f i r s t  bea t  and the  peak 
of the  cyc le  ranged from 19 t o  94 bprn. The d i f f e rences  between the  mean 
s y s t o l i c  and mean d i a s t o l i c  EP of t h e  f i r s t  bea t  and t h e  peak of t he  cyc le  
always preceded the  s y s t o l i c  BP peak. The study of SA using t h e  number of 
bea ts  i n  SA cycles  may prove use fu l  i n  e luc ida t ing  some mechanisms concerning 
t h e  genes is of t h i s  arrhythmia. 

Phasic l ags  were found between t h e  HR and BP 
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SINUS ARRHYTHMIA DURING PANTING. 

We have previous ly  reported t h a t  s inus  arrhythmia can be independent of  
r e s p i r a t o r y  r a t e  under the  a c t i o n  of drugs and emotional stress (Fed. Proc. 
20: 89, 1961). In  8 unanesthet ized dogs i s o l a t e d  i n  a soundproof room, t h e  
r e l a t i o n  between s inus  arrhythmia and pant ing was inves t iga ted .  These dogs 
have been t r a ined  f o r  many weeks t o  s tand q u i e t l y  i n  'a soundproof room. It 
was found t h a t  the  rhythmical changes in  h e a r t  r a t e  which normally accompanies 
t h e  r e sp i r a to ry  cyc le  ( s inus  arrhythmia) was usua l ly  but  not always diminished 
o r  abolished during r ap id  panting. The present  s t u d i e s  confirm the  f a c t  t h a t  
s inus  arrhythmia can cont inue i n  many h s t a n c e s  when t h e  r e s p i r a t o r y  r a t e  
changes suddenly t o  panting. 
during pant ing the  p a t t e r n  of rhythmical h e a r t  r a t e  f l u c t u a t i o n s  was p a r a l l e l  
t o  the  p a t t e r n  seen during the  preceding r e s p i r a t o r y  r a t e .  The present  work 
shows t h a t  s inus  arrhythmia can be independent of r e s p i r a t o r y  r a t e  when rcspir-  
a t i o n  changes t o  rap id  panting. Under c e r t a i n  circumstances t h e  p a t t e r n  can 
be determined by f a c t o r s  o the r  than r e sp i r a t ion .  

-- 

On many occasions where s inus  arrhythmia p e r s i s t e d  

This s tudy is a cont inua t ion  of previous inves t iga t ions  designed t o  
e l u c i d a t e  the  e f f e c t  of emotional stress on normal rhythmic func t ions  of t h e  
card iovascular  system i n  dogs. 
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SYSTOLIC BLOOD PRESSURE CHANGES DURING TWO BEAT SINUS ARRHYTHMIA. 

Two bea t  s i n u s  arrhythmia is a s p e c i a l  type of arrhythmia i n  which, 
a f t e r  a long pause, t h e  s i n o a u r i c u l a r  node i n i t i a t e s  t w o  success ive  bea ts ,  
followed by another  long pause. This type of arrhythmia resembles cases  of  
premature con t r ac t ions  (coupling).  W e  have observed t h i s  type  of  arrhythmia 
i n  about 80% of  ou r  dogs. It usua l ly  occurs spo rad ica l ly  and in  many ins tances  
is a s soc ia t ed  wi th  a f a s t  r e s p i r a t o r y  r a t e .  
d i r e c t  s y s t o l i c  blood pressures  were measured dur ing  two beat: s i n u s  arrhythmia. 
During t h e  second bea t  t h e  s y s t o l i c  p re s su re  was increased 4 t o  10 nun Hg from 
t h e  pressure  level of t h e  f i r s t  bea t  except i n  one dog i n  which t h e  s y s t o l i c  
p re s su re  always decreased during t h e  second beat .  The incidence of  s y s t o l i c  
blood p res su re  increase  on t h e  second bea t  is g r e a t e r  i n  c e n t r a l  p re s s  
t o  100% of  occurrences) than i n  pe r iphe ra l  p ressures  (43 t o  80%). Three mechan- 
i s m s  a r e  respons ib le  f o r  t h e  increase  i n  blood p res su re  dur ing  the  second bea t :  
1) changes i n  ca rd iac  output ,  2) pe r iphe ra l  r e s i s t a n c e ,  and 3 )  ca rd iac  r a t e .  
Respiratory r a t e  i s  not  necessa r i ly  respons ib le  f o r  t h e s e  changes (Perez-Cruet, 
e t  a l . ,  Fed. Prof.  20, 1961, p. 89). During t h e  second bea t  t h e  s t r o k e  volume 
is usua l ly  decreased a s  w e l l  a s  t h e  amplitude of pe r iphe ra l  o p t i c a l  plethysmo- 
graphy. The mechanism f o r  t h e  c o n s i s t e n t  decrease  i n  s y s t o l i c  p re s su re  i n  t h e  
second bea t  during two bea t  s i n u s  arrhythmia i n  one dog is not  known and is 
under inves t iga t ion .  I n  summary, t h e  s tudy  showed t h a t  usua l ly  i n  two bea t  d 

s inus  arrhythmia the  s y s t o l i c  blood p res su re  increases  s l i g h t l y  dur ing  the  
second bea t  . 

I n  seven unanesthet ized dogs, 

RESPIRATORY SINUS ARRHYTHMIA I N  DOGS WITH CHRONIC BILATERAL CERVICAL VAGOTOMIES. 

Sinus arrhythmia is usua l ly ,  bu t  no t  always, inf luenced by r e s p i r a t i o n .  
Sinus arrhythmia i n  dogs has been shown t o  be  independent of r e s p i r a t i o n  during 
severe pant ing a s  repor ted  elsewhere by Perez-Cruet (1961) and a l s o  during 
apnea a s  observed by Vallbona, et  a l .  (1965). Vagal in f luences  are undoubtedly 
o f  importance i n  t h e  mediation of r e s p i r a t o r y  s inus  arrhythmia i n  i n t a c t  dogs. 
In  a s tudy designed t o  i n v e s t i g a t e  card iovascular  condi t ion ing  i n  vagotomized 
dogs, w e  made a series of  observa t ions  o f  changes i n  h e a r t  r a t e  accompanying 
r e s p i r a t i o n  s i m i l a r  t o  those  observed during r e s p i r a t o r y  s inus  arrhythmia. A 
t o t a l  of 7 dogs i n  whom t h e  vagosympathetic nerve has been b i l a t e r a l l y  c u t  a t  
t h e  .level of t h e  t h i r d  c e r v i c a l  ve r t eb ra  were s tudied .  
d e f i n i t e  evidence o f  s inus  arrhythmia synchronous wi th  r e s p i r a t i o n .  A l l  dogs 
t h a t  showed s inus  arrhythmia developed t h e  a c c e l e r a t i v e  phase of  s i n u s  arrhythmia 
during exp i r a t ion  whereas i n  normal dogs t h e  a c c e l e r a t i v e  phase of s i n u s  arrhythmia 
usua l ly  occurs during in sp i r a t ion .  
t o  t h e  crest of t h e  a c c e l e r a t i v e  phase va r i ed  between 10 t o  20 bea t s  above t h e  
lowest h e a r t  r a t e  level. 

I n  4 dogs t h e r e  was 

The changes i n  h e a r t  rate from t h e  trough 

This s tudy  shows t h a t  s inus  arrhythmia can occur even af ter  t h e  v a g i  
nerves a r e  c u t  and t h a t  under t h e s e  condi t ions  t h e  a c c e l e r a t i v e  phase paradoxical ly  
occurs dur ing  exp i r a t ion  r a t h e r  than during i n s p i r a t i o n  ind ica t ing  a s h i f t  i n  
t h e  cyc l ing  of  s inus  arrhythmia. .. 



HEART-RATE AND BLOOD-FLOW CHANGES ACCOMPANYING ATTEMPTED RENAL CONDITIONING 
I N  DOGS. 
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Previously it  has been shown i n  t h i s  laboratory t h a t  condi t iona l  
d i u r e s i s  could not  be conditioned i n  dogs with denervated kidneys homo- 
t ransplan ted  i n t o  t h e  neck (Baker, et a l . ,  Fed. Proc. 1964). The purpose 
of t h i s  s tudy was t o  determine i f  a condi t iona l  water d i u r e t i c  response 
could be e s t ab l i shed  i n  dogs with innervated kidneys and a l s o  to  i n v e s t i -  
g a t e  o t h e r  phys io logica l  parameters, such a s  r e n a l  blood flow (electromagnet ic)  
(RBF) and h e a r t  r a t e  (HR) accompanying r e n a l  condi t ioning.  A t o t a l  o f  15 
mongrel dogs were used i n  these  s tud ie s .  A1'1 animals w e r e  deprived of  water  
f o r  a t  l e a s t  24 hours p r i o r  t o  the  experiments. 
u r i n e  d i r e c t l y  from the  ureter were used i n  most dogs a s  descr ibed elsewhere 
(Perez-Cruet and Gantt, Nephrology Congress,. p. 254, 1966). Two experimental  
procedures were used. In  the  f i r s t  procedure, tone of 6 sec. dura t ion  were 
presented a l t e r n a t e l y  a t  i n t e r v a l s  of  2 t o  3 rnin., 10 t o  20 t i m e s  dur ing a 
sess ion .  A tone 512 cyfsec.  was always re inforced  with 5 t o  20 cc.  of water.  
Another tone, 256 cy/sec.  was never re inforced.  In  t h e  second procedure, 
t h e  animals were adapted d a i l y  t o  an experimental  room f o r  5 t o  15 minutes 
a t  which t i m e  a tone 256 cy/sec.  was presented f o r  1 min. followed 5 min. 
l a t e r  by another  1-min. tone,  512 cy/sec.  and r e in fo rced  with 1000 cc.  of 
water.  The animals were allowed t o  d r ink  ad l i b .  wi th in  a 15-minute per iod.  
In  these  experiments t h e  sub jec t s  w e r e  r e t a ined  i n  the  room from 1 t o  3 hours.  
R e s u l t s  showed t h a t  with procedure number one, uns tab le  r ena l  cond i t iona l  
d i u r e t i c  responses w e r e  obtained. There w e r e  d e f i n i t e  cond i t iona l  increases  
i n  condi t iona l  RBF and HR, D i f f e r e n t i a t i o n  was'observed in  these  cardiovas-  
c u l a r  measures. No r e n a l  condi t ioning was obtained with procedure number two. 
In  both procedures dr inking  water produced two types of  uncondi t ional  d i u r e t i c  
responses.  In  procedure one, t h e r e  was an immediate, bu t  t r a n s i e n t ,  d i u r e s i s ;  
wi th  procedure two, t h e r e  was a water  loading d i u r e s i s  which appeared 15 t o  
45 minutes a f t e r  dr inking  water  ad l i b .  
d i u r e t i c  response with procedure one, probably depends on an increase  in  
glomeruler f i l t r a t i o n  r a t e  o r  due t o  mechanical a c t i v a t i o n  of u r e t e r a l  con- 
t r a c t i o n .  In  procedure two, t he  uncondi t ional  d i u r e s i s  was equiva len t  t o  
t h e  w e l l  known loading water d i u r e s i s .  
d e f i n i t e  cond i t iona l  changes i n  RBF and HR with water a s  the  uncondi t ional  
s t imulus ,  bu t  r e n a l  cond i t iona l  d i u r e s i s  was not  c l e a r l y  e s t ab l i shed .  
poss ib l e  t h a t  t he  dehydration i n  these  experiments was a poss ib l e  f a c t o r  i n  
t h e  i n a b i l i t y  t o  form r e n a l  cond i t iona l  d i u r e s i s .  

Techniques f o r  c o l l e c t i n g  

The mechanisms f o r  t he  uncondi t ional  

In  conclusion, t he  s tudy demonstrates 

It is 

THE EFFECT OF NOVEL STIMULI ON RENAL SECRETION COLLECTED BY THE URETERAL-SHUNT 
METHOD. 

Ekperiments designed f o r  the  study of r e n a l  s e c r e t i o n  have usua l ly  involved 
c o l l e c t i n g  t h e  u r ine  from externa l ized  o r  acu te ly  ca the t e r i zed  u r e t e r s  o r  bladder  
f i s t u l a s .  The purpose of t h i s  s tudy is t o  present  the  results of a method f o r  
co l l ec t ing .  u r i n e  using a ure te ra l - shunt ,  and t o  i n v e s t i g a t e  changes i n  r e n a l  
s e c r e t i o n  t o  novel- s t i m u l i  (new environmental condi t ions  o r  audi tory  s i g n a l s ) .  
S i x  unanesthet ized dogs, i s o l a t e d  i n  a soundproof room, were used. Urinary 
s e c r e t i o n  was measured i n  drops pe r  6 sec.  i n t e r v a l s .  There was marked 
v a r i a b i l i t y  i n  t h e  s e c r e t i o n  of u r ine  from the  r i g h t  and l e f t  kidneys. One 
dog showed marked changes i n  r e n a l  s e c r e t i o n  which were assoc ia ted  with a 
new environment. Four of t h e  dogs showed s l i g h t  increases  i n  ur inary  
aekre t ion  during o r  a f t e r  audi tory  s i g n a l s  (T256, T512) wl;ich had never 
been. re inforced  with l i qu ids .  
fr&m day t o  day, bu t  a t rend t o  e x t i n c t i o n  by r e p e t i t i o n  was evident  i n  some 
dogs. The da ta  suggest  t h a t  t h e  changes i n  r e n a l  s e c r e t i o n  might be  s i m i l a r  
t o  othfsi autonomic components usua l ly  associated)  w i th  a response t o  novel 
s t i m u l i ,  viz. t he  o r i e n t i n g  r e f l e x .  

Great v a r i a b i l i t y  i n  these  changes w e r e  observed 



THE EFFECT OF CARDIAC ARREST W I T H  CLOSED CHEST MASSAGE ON CLASSICAL CONDITIONAL 
REFLEXES. 

Some p a t i e n t s  a f t e r  a c a r d i a c  a r r e s t  and e x t e r n a l  ca rd iac  massage have 
developed t r a n s i e n t  episodes of memory loss (unpublished observa t ions) .  This 
s tudy was dbsigned t o  determine i f  prolonged per iods  of  10 t o  15 minutes of  
ca rd iac  a r r e s t  with c losed  c h e s t  massage have an e f f e c t  on t h e  a b i l 2 t y  t o  
r e t a i n  c l a s s i c a l  ca rd iac  and motor cond i t iona l  r e f l exes .  

Since Gantt has  shown t h a t  t h e  ca rd iac  condi tdonal  r e f l e x  is a r e l i a b l e  
index of t h e  i n t e g r i t y  of c o r t i c a l  func t ions  (Autonomic responses i n  d i f f e r e n t i a l  
d iagnos is  of  organic  and psychogenic psychoses. Arch. Neurol. & Psychiat . ,  
70,  778, 1953) the  s tudy was designed t o  determine, using ca rd iac  cond i t iona l  
r e f l exes  a s  an index, i f  some evidence of  memory los s  o r  c o r t i c a l  func t ions  have 
been af fec ted .  

A t o t a l  of 8 dogs have been used i n  t h i s  study. Three dogs d ied  during 

The dogs had w e l l  e s t ab l i shed  motor and card iac  cond i t iona l  
t h e  f i n a l  a r r e s t  procedure and fou r  dogs have survived 10 and 15 minutes of  
ca rd iac  a r r e s t .  
r e f l exes  by the  t i m e  they w e r e  exposed t o  the  ca rd iac  a r r e s t  and c losed  ches t  
massage procedure. 

A l l  dogs showed some impairment of motor and ca rd iac  cond i t iona l  r e f l exes  
24 t o  48 hours a f t e r  15 minutes of ca rd iac  a r r e s t  and closed ches t  massage, 
bu t  t h i s  capac i ty  was d e f i n i t e l y  regained a f t e r  72 hours.  
e f f e c t  of anes thes i a ,  e l e c t r i c  shock through t h e  h e a r t ,  and ope ra t ive  proced- 
u r e s ,  were ru l ed  out  a s  being the  main f a c t o r  i n  t h i s  temporary loss.  - 

I n  one dog, t he  

THE EFFECT OF CARDIAC ARREST WITH CLOSED CHEST MASSAGE ON THE EEG I N  DOGS. 

We have previoualy shown t h a t  prolonged ca rd iac  a r r e s t  with c losed  c h e s t  
massage (CCCM) r e s u l t s  i n  a temporary loss of  cond i t iona l  r e f l e x e s  i n  dogs 
(Clin.  R e s . ,  X I I :  440, 1964). I n  t h e  p re sen t  s tudy,  c o n t r o l  EEGs from p a r i e t a l ,  
f r o n t a l  and o c c i p i t a l  co r t ex  were taken i n  seven dogs anes the t i zed  with pento- 
b a r b i t a l .  Cardiac a r r e s t  was then produced by electric shock. CCCM was begun 
a f t e r  t he  EEG markedly decreased i n  amplitude during t h e  e a r l y  s t ages  of 
f i b r i l l a t i o n .  Af t e r  v a r i a b l e  per iods o f  CCCM, s h o r t  runs of EEGs were taken. 
Af t e r  15 minutes an e l e c t r i c  countershock was used t o  d e f i b r i l l a t e  t h e  h e a r t s ,  
and a d d i t i o n a l  EEGs were taken. 
t o  13 per  second) waves w e r e  observed a f t e r  ca rd iac  a r r e s t .  
30 seconds of f i b r i l l a t i o n ,  sp ikes  were observed and t h e  amplitude of  the  EEGs 
u sua l ly  was reduced t o  about 2 )AV. 
temporarily r e s to red  t o  a low-voltage, low-amplitude EEG, s i m i l a r  t o  t h a t  
observed during t h e  c o n t r o l  per iods,  a f t e r  per iods of 1% o r  more minutes of  
CCCM. 
from the  c o n t r o l  EEGs with r e spec t  t o  e i t h e r  frequency o r  amplitude. These 
observat ions suggest  t h a t  t h e  diminished e l e c t r i c a l  a c t i v i t y  present  i n  t h e  
EEG of t h e  c l i n i c a l l y  dead dog can be r e s to red  temporar i ly  t o  c o n t r o l  levels 
by closed chest massage. 

Low-voltage ( 4  t o  20 pv), low-frequency (5 
During t h e  f i r s t  

In  four  dogs, an almost f l a t  EEG was 

The EEGs' taken a f t e r  d e f i b r i l l a t i o n  showed no s i g n i f i c a n t  dev ia t ion  

. . . - . . _._ __ .--_. .. ..- .. . 1 
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I U B I L I T Y  TO FORM CARDIAC CONDITIONAL REFLEXES I N  THE "DENERVATED" HEART. 

Previous work by Dykman and Gantt (J. Comp. Physiol .  Psychol., 52: 
163, 1959) has shown t h a t  moderate doses of  a t r o p i n e  d i d  not abo l i sh  t h e  
ca rd iac  cond i t iona l  r e f l exes ,  however, a t rop ine  produced an e leva ted  
h e a r t  r a t e  (HR) and restlessness. The p resen t  s tudy was designed t o  
i n v e s t i g a t e  i f  s u r g i c a l  chronic  c e r v i c a l  vagotomy p lus  be ta  adrenerg ic  
blockade with propranolol  i n  doses of  1 t o  5 mg/kg, could be used a s  a ' 

model f o r  pharmaco-surgical "denervation" of t h e  hea r t .  Five dogs w e r e  
used i n  t h i s  study. Cardiac condi t iona l  r e f l e x e s  w e r e  w e l l  e s t ab l i shed  
i n  the  vagotomized dogs a s  reported elsewhere (Perez-Cruet and Gaertner,  
Fed. Proc., 26: 328, 1967). Propranolol i n  doses of  1 mg/kg produced base- 
l i n e  HR l eve l s  comparable to  t h e  denervated h e a r t  (70 t o  100 bea ts  pe r  min.) 
Af t e r  "denervation" wi th  propranolol  HR cond i t iona l  r e f  lexes (HR-CRs) were 
completely abolished. 
mechanisms mediating t h e  HR-qRS were completely blocked i n  t h e  "denervated" 
h e a r t ,  
be t a  receptor  s i t e  were not  pr imar i ly  mediating t h e  HR-CRs i n  t h e  vagot- 
omized dogs. The s tudy  a l s o  ind ica t e s  t h a t  t he  be t a  receptor  mechanisms 
p lay  an important r o l e  i n  the  mediation of HR-CRs i n  vagotomized dogs. 

These resul ts  showed t h a t  pe r iphe ra l  adrenergic  

The s tudy suggest  t h a t  neurohumoral agents  o t h e r  than those a t  t h e  

INABILITY TO FORM CARDIAC CONDITIONING I N  THE DENERVATED HEART. 

Neurohumora 1 mechanisms have been imp 1 ica  ted  i n  t h e  genes is of card iac  
condi t ioning (Bykov, 1957). The mediation of the  ca rd iac  cond i t iona l  r e f l e x  
is a complex one probably involving neurohumoral elements w i th in  the  hea r t .  
There a l s o  may be a p o s s i b i l i t y  t h a t  neurohumoral s ec re t ions  by t h e  adrena l  
o r  o the r  s to rage  organs might inf luence t h e  card iac  cond i t iona l  r e f l ex .  

The present  s tudy  was designed t o  determine i f  ca rd iac  condi t ion ing  could 
be formed i n  a h e a r t  which had been denervated s u r g i c a l l y  and pharmacologically. 

Four dogs have been used.' A l l  animals had e s t ab l i shed  ca rd iac  condi t iona l  
r e f l exes  p r i o r  t o  t h e  denervation. 

The four  dogs with ca rd iac  denervat ion have not  shown any evidence of 
*ca rd iac  condi t ioning.  These prel iminary r e s u l t s  i n d i c a t e  t h a t  t h e  card iac  - cond i t iona l  r e f l e x  is mediated by t h e  sympathetic o r  parasympathetic system 
and is not  e n t i r e l y  dependent on adrena l  or  o t h e r  neurohumoral f ac to r s .  The 
s tudy  does not  r u l e  o u t ,  however, t h a t  i n  t h e  normally innervated h e a r t  ncuro- 
humoral f a c t o r s  play an important r o l e  i n  t h e  magnitude and d f r e c t i o n  of t he  
ca rd iac  cond i t iona l  r e f  lex. I 
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NORMAL ELECTROCARDIOGRAMS I N  DOGS. 

Numerous r epor t s  have concluded t h a t  t h e r e  is no normal e lectrocardiograms 
i n  dogs. Prel iminary s t u d i e s  i n  t h i s  labora tory  confirmed these  r e s u l t s  when 
s tandard c l i n i c a l  methods of e lectrocardiography were appl ied.  It wa 
t h a t  a recovery RC t i m e  cons tan t  of  1 second, a s  used i n  most e l e c t r o  
graphs, is not  s u i t a b l e  f o r  research  canine electrocardiography i n  our  exper i -  
ments. The two main problems i n  recording ECGs us ing  t h i s  t i m e  cons tan t  a re :  
one) a wandering base l ine  s u b j e c t  t o  severe d r i f t s  when t h e  animal moves, and 
two) accentua t ion  of v a r i a t i o n s  i n  waveform which a r e  normally accentuated 
i n  the  dog. 

Canine electrocardiograms taken a t  var ious t i m e  constants :  1, 0 . 3 ,  0.1 
and 0.03 second showed t h a t  the  l a s t  t i m e  cons tan t  of 0.03 sec. was more s u i t -  
a b l e  f o r  t hese  experiments. Time cons tan ts  of 1 second a r e  very use fu l  i n  
de t ec t ing  v a r i a t i o n s  i n  t he  amplitude of t h e  P and T waves as w e l l  a s  de t ec t ing  
changes in  depressed ST segments. Se t t i ngs  a t  a t i m e  cons tan t  of 0.03 sec.  
do not show T wave changes a s  w e l l  a s  s e t t i n g  of  1 second t i m e  constant .  

E i the r  1 o r  0.03 second t i m e  cons tan t  a r e  use fu l  i n  the  s tudy of PR inter-  
v a l s  and dura t ions .  

Research canine electrocardiography should include a t  least one lead 
(preferab ly  limb lead 2)  a t  a time cons tan t  of 1 second and a d d i t i o n a l  s tandard 
limb and ches t  leads a t  a t i m e  cons tan t  of  0.03 second. 

Recordings have been c a r r i e d  ou t  i n  s e v e r a l  dogs with recordings o f  e l e c t r o -  
cardiograms a t  a t i m e  cons tan t  of 0.03 second. Recordings i n  these  animals 
have shown less v a r i a t i o n s  i n  the  ECG waveform. 

.. - ..... ~.. . . . . .__ -- - .  , -... .. . 

EFFECT OF PERSON ENTERING THE EXPERIMENTAL WOM I N  DOGS WITH AV BLOCK. 

In  f i v e  dogs, w e  have determined t h e  e f f e c t  o f  a person en te r ing  the  room 
on card iac  a c t i v i t y  i n  dogs with AV block. The r e s u l t s  show t h a t  when a 
person e n t e r s  t h e  room, t h e r e  a r e  marked changes i n  both a u r i c u l a r  and v e n t r i c u l a r  
r a t e s .  Studies  a r e  i n  progress  t o  determine t h e  mechanisms of  t h i s  response. 

. .  



EFFECTS OF EXTERNAL CATHODAL POLARIZATION ON CLASSICAL MOTOR CONDITIONING 
I N  DOGS. 

I n  normal o r  depressed sub jec t s  an e x t e r n a l  po la r i z ing  e l e c t r i c  cu r ren t  
passed through the  b ra in  appears t o  cause euphoria i f  t h e  p o s i t i v e  p o l a r i t y  
is placed on t h e  forehead o r  depression i f  t h e  nega t ive  p o l a r i t y  ins tead  of  
t h e  p o s i t i v e  is placed on the  same loca t ion .  The i n d i f f e r e n t  e l ec t rode  is 
usua l ly  placed d i s t a l l y  on a leg.  
a t e d  (Lippold and Redfearn, 1964; Redfearn, Lippold & Costain,  1964; and 
Costain,  Redfearn and Lippold, 1964), w e  had designed experiments t o  determine 
i f  w e  could condi t ion  changes i n  mood with e x t e r n a l  p o l a r i z a t i o n  a s  t he  
uncondi t ional  s t imulus (US) .  The present  experiment was one of s e v e r a l  
planned t o  observe p a r a l l e l  changes which might accompany e i t h e r  e l e c t r i c a l l y  
induced o r  condi t ioned depression of mood. Previous work i n  t h i s  labora tory  
has  demonstrated t h a t  psychic s t a t e s ,  such a s  ca t a l epsy  and ca t a ton ia ,  could 
be conditioned with c l a s s i c a l  condi t ion ing  methods (Gant t ,  1953; Perez-Cruet 
and Gantt, 1959; and Perez-Cruet, 1966). 

Since these  e f f e c t s  seemed w e l l  s u b s t a n t i -  

The main purpose of t h i s  s tudy is t o  show t h e  e f f e c t s  of ca thodal  p o l a r i -  
z a t i o n  on t h e  establ ishment  of c l a s s i c a l  motor cond i t iona l  r e f l exes  (CRS) 
with f a r a d i c  shock a s  US. Previously Gantt (1938) has shown t h a t  the  condi- 
t i o n a l  r e f l e x  method can measure c o r t i c a l  i n t e g r i t y .  Therefore an in t e r f e rence  
wi th  &e establ ishment  of motor condi t ion ing  by a cons tan t  po la r i z ing  
cu r ren t  could be in t e rp re t ed  a s  a poss ib l e  d i s rup t ion  of c o r t i c a l  func t ions .  

On reviewing our  l i t e r a t u r e  w e  have been unable t o  f ind  o the r  accounts 
of the  establ ishment  of motor CRs  i n  s t a t e s  induced by cathodal  p o l a r i z a t i o n  
of t he  b ra in  such a s  used here ,  but  t he re  are o t h e r  s t u d i e s  i n  humans on 
condi t iona l  r e f l e x  formation in  depress ive  s t a t e s  (Ivanov-Smolensky, 1925; 
Alexander, 1961; Astrup, 1965; and Ban, 1964). 

Methods and Mater ia l s  

Seventeen dogs w e r e  s tud ied .  Seven experimental  dogs (ESs) were 
cons tan t ly  polar ized  during t h e  establ ishment  of  c l a s s i c a l  motor C R s .  
animals were used a s  con t ro l s  and t h i s  group was never polar ized .  

Ten 

In the  ESs , s t a i n l e s s - s  tee1 w i r e  e l ec t rodes  were implanted subcutaneously 
and i n f r a - o r b i t a l l y  a s  shown i n  Figure 1. The i n f r a - o r b i t a l  placement co r re s -  
ponds roughly t o  t h e  loca t ion  of "scalp" e l ec t rodes  used by Lippold, e t  a l .  
(1964). Four days a f t e r  t h e  implantat ion of t h e  e l ec t rodes  the  ESs were 
t r a ined  i n  a soundproof room. Af t e r  an i n i t i a l  per iod of camera t r a i n i n g  
and o r i en t ing ,  cons tan t  po la r i z ing  cu r ren t  was passed through the  head while  
100 r e p e t i t i o n s  of tones,  v i z .  cond i t iona l  s t i m u l i  (CSs), were presented 
over a per iod of s e v e r a l  days. Two tones were employed a s  CSs . The f i r s t  
tone of a frequency o f  256 cyc les  pe r  sec. (cps)  a t  about 60 db l e v e l  was 
presented f o r  6 sec. a t  t h e  end of which an e l e c t r i c  shock, v i z .  t he  US, 
was appl ied  t o  the  l e f t  fore leg .  The e l e c t r i c  shock was ad jus ted  from 3 t o  
6 v o l t s  (5 t o  7 ma.) depending on t h e  magnitude of t he  r e f l e x  withdrawal 
of the  shocked fore leg .  The second tone of 512 cps was a l s o  presented f o r  
6 sec .  a f t e r  an i n t e r - t r i a l  i n t e r v a l  of  2 min., tone 512 cps was never r c i n -  
forced. 



The c o n t r o l  groups included 10 dogs some of  which had been used i n  
o the r  experiments (Brookhouser, Perez-Cruet and Jude, 1 9 6 4 ) .  They were sub- 
divided in to  two groups. The f i r s t  group cons is ted  of  5 normal dogs who had 
been t r a i n e d  i n  t h e  same soundproof room and wi th  t h e  same methods a s  t h e  ESs. 
In  order  t o  d i f f e r e n t i a t e  t h e  p o s s i b l e  e f f e c t s  of  surgery  due t o  t h e  implantat ion 
of i n f r a - o r b i t a l  e l ec t rodes ,  another  c o n t r o l  group, v i z .  t h e  s u r g i c a l  c o n t r o l  
group of 5 dogs, was included. 

Parameters of  DC S t imula t ion  

The DC s t imu la t ing  c u r r e n t  w a s  connected t o  the  ESs through t h e  t r ans -  
i s t o r i z e d  cons tan t  DC s t imu la t ion  uni t*  a s  shown i n  Diagram 1. 
s i x - v o l t  d r y - c e l l  b a t t e r i e s  i n  series w e r e  used t o  power the  DC s t imu la to r .  
The negat ive  p o l a r i t y  (cathode) of  the  b a t t e r y  power supply w a s  connected 
t o  the  s t imu la t ion  u n i t  and t h e  c u r r e n t  was regula ted  from 1 0 0 p a  t o  2 ma. 
The ca thodal  cu r ren t  passing through each i n f r a - o r b i t a l  e l ec t rode  was cons t an t ly  
monitored with s e p a r a t e  mi l l iameters .  The p o s i t i v e  p o l a r i t y  (anode) was 
connected t o  t h e  dog's h indleg  using a si lver c h l o r i d e  e l ec t rode  of about 
1 in.  sq. which was c a r e f u l l y  placed on the  s k i n  with EKG p a s t e  and taped 
t i g h t l y  with mas king tape.  

Four ,large 

The po la r i z ing  cu r ren t  was cons t an t ly  turned on while  t h e  animals 
were being condi t ioned.  The condi t ion ing  se s s ions  usua l ly  l a s t e d  2 t o  4 
hours.  The cu r ren t  l e v e l s  w e r e  maintained not  h igher  than 1 o r  2 m a .  

Evaluation of Motor Condit ional  Reflexes 

The motor CRs were evaluated by c a r e f u l  observa t ion  of  t h e  animal 's  
fo re l eg  f l e x i o n  o r  f o o t l i f t  response during the  CSs. The cr i ter ia  f o r  
motor condi t ion ing  w e r e  based on procedures previously used i n  our  labor-  
a t o r y  and which have been descr ibed  in  d e t a i l  elsewhere (Gantt ,  1 9 6 4 ) .  
Unconditional and cond i t iona l  r e f l exes  were observed and graded in  a system 
i n  which no response was r e g i s t e r e d  a s  0 and t h e  maximum response a s  +4. 
Intermediate  responses were r a t e d  a s  +l, +2 and f 3  r e spec t ive ly .  Motor 
condi t ioning i n  most ins tances  cons is ted  of  a r e f l e x  f o o t l i f t  o r  withdrawal 
of t h e  shocked fo re l eg  during the  re inforced  CS. In  some experiments an 
accelerometer was a t tached  t o  the  l e f t  fo re l eg  t o  measure movements. 

S t a t i s t i c a l  ana lys i s  of  t h e  da ta  was done using pa i red  t tests. 
Comparison of motor CRs i n  c o n t r o l s  and polar ized  groups was done a l s o  by 
por t ray ing  g raph ica l ly  the  t r i a l - b y - t r i a l  changes i n  motor CRs i n  t h e  f i r s t  
100 re inforced  t r i a l s .  

R e s u l t s  

It was found t h a t  t he  normal c o n t r o l  group gamed s t rong  (f4) motor 
CRS w i th in  the  f i r s t  50 re inforced  t r i a l s  t o  T256 cps a s  shown i n  Figure 2. 
I n i t i a l l y  most dogs showed gene ra l i za t ion  of t h e  motor CRs during t h e  
unreinforced tone ( T 5 1 2 ) ,  but  d i f f e r e n t i a t i o n ,  v i z .  d i scr imina t ion ,  between 
T256 and T512 cps was e s t ab l i shed  a f t e r  50 re inforced  t r i a l s .  In  two dogs, 
Russ and Helen, s t rong  (+4) motor CRs were es t ab l i shed  wi th in  the  f i r s t  20 
t o  40 re inforced  t r i a l s ;  i n  t h e  o the r s  (Foxy, Peacy and Watt) a f t e r  40 t o  
6 0  re inforced  t r i a l s .  
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In  c o n t r a s t ,  t he  ESs showed poor  motor condi t ion ing  in  6 of t he  dogs. 
These resul ts  a r e  shown i n  Figure 3 ,  where motor CRs a r e  p l o t t e d  t r i a l - b y -  
t r i a l  along the  absc issa ;  o r d i n a t e  v a r i a t i o n s  represent  the  s t r e n g t h  of 
t h e  motor CRs.  Three dogs, Proton, Tres and Uno, had poor uns tab le  motor 
CRs wi th in  t h e  f i r s t  90 t r i a l s .  Another two polar ized  dogs, Ace and J u p i t e r ,  
had delayed motor CRs a f t e r  50 and 70 t r i a l s  r e spec t ive ly ,  bu t  the  p a t t e r n  
of motor CRs was no t  t h e  same a s  the  normal c o n t r o l  group. The dog, Bo t t l e s ,  
only received 50 t r i a l s  and wi th in  t h i s  per iod t h e r e  was no evidence of 
s t rong  motor condi t ioning.  Only one dog, Samuel, had s t rong  (+4) motor CRs 
with in  t h e  f i r s t  15 re inforced  t r i a l s .  It is p e r t i n e n t  t o  mention t h a t  i n  
Samuel t h e  cu r ren t  dens i ty  was much less than i n  the  o t h e r  dogs on account 
of  its weight (17 Kg.) whereas the  o ther  ESs weighed from 9 t o  13 Kgs. 
D i f f e r e n t i a t i o n  between T256 and T532 was observed in  two polar ized  dogs 
( J u p i t e r  and Samuel). 
throughout t he  f i r s t  100 re inforced  t r i a l s  even though it had s t rong ,  but 
delayed formation of motor C R s ;  Samuel showed good d i f f e r e n t i a t i o n  a f t e r  
34 t r i a l s  ( see  Figure 3 ) o  In  general ,  however, motor d i f f e r e n t i a t i o n  was 
more s i g n i f i c a n t  s t a t i s t i c a l l y  in  the  c o n t r o l  group (d . f .  = 654, t = 12.53, 
p < O . O O l )  than i n  the polar ized  group (d . f .  = 439, t = 5.29, p<O.OOl). 

J u p i t e r  showed almost no motor CR gene ra l i za t ion  

Figure 4 i l l u s t r a t e s  a histogram ana lys i s  of t h e  frequency of 0 t o  +4 
motor CRs i n  5 normal c o n t r o l  dogs and 5 ESs. A l l  t r i a l s  w e r e  matched f o r  
con t ro l s  versus  ESs and they w e r e  represented i n  terms of o v e r a l l  frequency 
d i s t r i b u t i o n  where t h e  o r d i n a t e  represents  the  number of motor CRs and t h e  
absc issa  the  var ious s t r eng ths  of t h e  motor CRs during T256 and T512 respec t -  
ive ly .  The histogram a n a l y s i s  shows a d e f i n i t e  impairment of motor condi- 
t i o n i n g  during T256. I n  the normal group t h e r e  i s  a very high incidence of 
s t rong  motor C R s ,  t h a t  is ,  a t o t a l  of  278 (4-4) motor CRs.  I n  the  polar ized  
group the  number of zero  motor CRs i s  much g r e a t e r  than i n  the  normal. 
c o n t r o l  group (polar ized  group: 224 zero  motor CRs; normal c o n t r o l  group: 
65 zero  motor CRq). 
motor CRs i n  con t ro l  versus  polar ized  groups were h ighly  s i g n i f i c a n t  
(d.f .  = 658, t = 8.99, p(O.001).  The d i s t r i b u t i o n  of motor CRs  dur ing T512 
cps was very s i m i l a r  f o r  both groups, but s t i l l  the  polar ized  group showed 

more zero motor Cis (polar ized  group: 339 zero  motor CRs; normal c o n t r o l  
group: 230 zero  motor C R s ) .  

. .  - 

Using pa i red  t tests t h e  above d i f f e rences  between 

The t r i a l - b y - t r i a l  p l o t t i n g  of motor CRs i n  t h e  s u r g i c a l  c o n t r o l  group 
is shown i n  F igure  5. I n  t h i s  group the  dog, Wong, had a b i l a t e r a l  c e r v i c a l  
vagotomy; J e f f ,  Esaki and Volta had i n t r a - a r t e r i a l  blood p r e s s u r e  implants; 
and Bous'h, i n t r a - c r a n i a l  e l ec t rodes  implanted i n  the  hypothalamus. Note 
t h a t  t he  s u r g i c a l  c o n t r o l  group showed s t rong  (i-3) motor CRs but  t hese  w e r e  
s l i g h t l y  weaker than the  normal c o n t r o l  group. These d i f f e rences  i n  motor 
CRs between the  con t ro l  group and t h e  s u r g i c a l  group w e r e  a l s o  highly s i g n i f i -  
can t  (d . f .  = 832, t = 6.87, p(.OOl). The s u r g i c a l  con t ro l  group showed 
s t ronge r  and e a r l i e r  es tabl ishment  of  motor CRs than the  polar ized  group. A 
g raphica l  p o r t r a y a l  of surpmation of ind iv idua l  motor CRs,  t r i a l - b y - t r i a l ,  
of  f i v e  dogs i n  each c o n t r o l  group (non-polarized and s u r g i c a l )  and f i v e  dogs 
in  the  polar ized  group. The maximum value f o r  t h e  group in  t h e  o r d i n a t e  is 
only +20 s i n c e  t h e  maximum motor CR t h a t  could be a t t a i n e d  i n  each animal 
was set a t  4 4 .  The o rd ina te  rppresents  t h e  s t r e n g t h  of t he  motor CRS; t h e  
absc issa  t h e  number of  t r i a l s  from t h e  beginning of condi t ion ing  t r a i n i n g .  
In, the  normal c o n t r o l  group ( top  t r ac ings ,  lA & 1B) values of motor CRs 
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of f20  a r e  observed a f t e r  45 r e in fo rced  t r i a l s .  I n  t h e  s u r g i c a l  CbntrOl 
group (middle t r a c i n g s ,  2A & 2B) few values  reached t h e  maximum of 4-20 
but  values  g r e a t e r  than  +10 a r e  observed a f t e r  35 r e in fo rced  t r i a l s .  The 
p a t t e r n  of t h e  motor CRs i n  p a r t  2B (T512) is s i m i l a r  t o  t h a t  of  t h e  normal 
c o n t r o l  group. The po la r i zed  group (lower t r a c i n g s ,  3 A  & 3B) showed weaker 
motor CRs  than e i t h e r  t h e  normal o r  s u r g i c a l  c o n t r o l  groups, The c o n t r o l  
group showed t h a t  d i f f e r e n t i a t i o n  t o  T512 improves l a t e r  in  t r a i n i n g ,  The 
polar ized  group, i n  genera l ,  showed i n i t i a l l y  less gene ra l i za t ion  t o  T512 
due t o  poor motor condi t ion ing .  

The motor uncondi t ional  r e f l e x e s  (URs) were a l s o  s l i g h t l y  reduced dur ing  
ca thodal  p o l a r i z a t i o n  a s  shown i n  Table 1. The average values  f o r  t h e  s t r e n g t h  
of  t he  URs i n  t he  normal c o n t r o l  group va r i ed  from 6.4 ( f3)  t o  84.6 (4-4) and 
i n  the  po la r i zed  group from 23.1 (4-3) t o  61.3 (+4). These d i f f e rences  i n  
motor URs were s t a t i s t i c a l l y  s i g n i f i c a n t  (d . f .  = 993, t = 5.32, p<O.OOl). 

Tes t ing  t h e  s t r e n g t h  of t h e  mstor CRs without p o l a r i z a t i o n  was done 
a f t e r  t h e  f i r s t  100 re inforced  t r i a l s  under p o l a r i z a t i o n  i n  4 dogs. Disrupt ion 
of almost p e r f e c t  motor d i f f e r e n t i a t i o n  was observed in only one dog, J u p i t e r  
(motor CRs t o  T512 under p o l a r i z a t i o n  w e r e  3%; without  p o l a r i z a t i o n  a f t e r  
t he  f i r s t  100 re inforced  t r i a l s ,  motor CRs t o  T512 rose  t o  9%), bu t  i n  3 o the r  
dogs no c l ea r - cu t  e f f e c t s  were observed. The s t r e n g t h  of motor CRs t o  T256 
a f t e r  100 re inforced  t r i a l s  during p o l a r i z a t i o n  was not  impaired when the  
po la r i z ing  cu r ren t  was turned o f f  suggest ing t h a t  once the  motor CRs t o  T256 
were f u l l y  e s t ab l i shed  the  process was not  s i g n i f i c a n t l y  a f f e c t e d  by the  
po la r i z ing  cur ren t .  

Observations of  t h e  genera l  behavior i n s i d e  t h e  soundproof room i n  t h e  
polar ized  group showed t h a t  t hese  animals usua l ly  s tood  q u i e t l y  during the  
cathodal  p o l a r i z a t i o n  a t  cons tan t  c u r r e n t  levels of 1 t o  2 m a .  In  s e v e r a l  
experiments t h e  ESs lowered t h e i r  heads a s  i f  "depressed". This "depress ion- 
l i k e "  behavior could be inh ib i t ed  by a person en te r ing  t h e  room o r  by 
removing the  dog from the  soundproof room. 

Discuss ion 

The r e s u l t s  i n d i c a t e  t h a t  a cons tan t  ca thodal  c u r r e n t  o f  i n d e f i n i t e  
pathway through t h e  b r a i n  t i s s u e  delays t h e  establ ishment  of  c l a s s i c a l  
motor condi t ioning.  Since it  has  been shown t h a t  motor condi t ion ing  is 
dependent on t h e  i n t e g r i t y  of  c o r t i c a l  func t ions  (Gantt ,  1938), one can 
i n f e r  from t h i s  da t a  t h a t  c e n t r a l  nervous system funct ions  were temporar i ly  
a f f ec t ed .  

It is poss ib l e  t h a t  ca thodal  p o l a r i z a t i o n  acts l i k e  an e x t e r n a l  
i n h i b i t i n g  agent .  Externa l  i n h i b i t i o n  could have ac t ed  by dampening t h e  
percept ion of t he  e x c i t a t o r y  process during the  re inforced  CS. The f a c t  
t h a t  t he  motor UR's were s l i g h t l y  weaker i n  t h e  polar ized  group than i n  
the  c o n t r o l  groups is sugges t ive  of e x t e r n a l  i nh ib i t i on .  Another p o s s i b i l i t y  
is t h a t  t h e r e  is a change i n  threshold during t h e  ca thodal  "depressed" s t a t e .  

The observat ion on t h e  development of a "depression-like" s t a t e  suggests  
a l s o  t h a t  probably t h e r e  were a number of neurophysiological  changes occuring 
simultaneously with the  s u b t l e  behavioral  changes induced by the  passage of 
a cathodal  po la r i z ing  cu r ren t .  For example, Blagodatova's (1960) inves t iga t ions  
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on t h e  e f f e c t s  of  cons t an t  current '  on t h e  spontaneous EEG o f  t h e  r a b b i t  have 
shown t h a t  ca thoda l  p o l a r i z a t i o n  on t h e  cortex produces desynchroniza t ion  of  
t h e  EEG. 
o f  t h e  c e r e b r a l  hemispheres reduces t h e  e x c i t a b i l i t y  o f  s a l i v a r y  c e n t e r s .  
Furthermore,  t h e  s t u d i e s  of  Lippold,  et  a l .  (1961) have shown t h a t  p o l a r i t y  
o f  evoked p o t e n t i a l s  from t h e  sensory  c o r t e x  is changed nega t ive ly  o r  p o s i t i v e l y  
depending on whether t h e  c o r t e x  is p o l a r i z e d  p o s i t i v e l y  o r  nega t ive ly .  

Also Medianik and O l e i n i k  (1957) have shown t h a t  ca thoda l  p o l a r i z a t i o n  

It might be  p o s t u l a t e d  a l s o  t h a t  t h e  e f f e c t s  of ca thoda l  p o l a r i z a t i o n  
on motor CRs could  a l s o  be  mediated by an i n t e r f e r e n c e  w i t h  t h e  normal d i s t r i -  
bu t ion  o f  DC p o t e n t i a l s  a s  desc r ibed  by Burr (1961) and Becker, Bechman and 
Friedman (1962). These i n v e s t i g a t o r s  have  found measurable DC p o t e n t i a l s  
which a r e  genera ted  by l i v i n g  organisms and which s e e m  t o  c o n t r o l  a number o f  
b i o l o g i c a l  func t ions  such a s  t h e  r a t e  of  embryonic growth and wound h e a l i n g .  
According t o  Becker (1962, p. 1175) "DC p o t e n t i a l s  a r e  p a r t i c u l a r l y  important  
i n  t h e  s t a t e s  o f  consciousness  o r  level of  i r r i t a b i l i t y  i n  t h e  human being"; 
t h e r e f o r e ,  i f  t h e s e  normal DC p o t e n t i a l  g r a d i e n t s  are  a l t e r e d  by an  impos i t ion  
o f  "ex terna l"  ca thoda l  p o t e n t i a l s ,  t h e  s t a t e  of  consciousness  a s s o c i a t e d  w i t h  
them could be a f f e c t e d .  Hence, one could a l s o  a t t r i b u t e  t h e  e f f e c t s  of  ca thoda l  
p o l a r i z a t i o n  on motor cond i t ion ing  a s  due t o  a d i s r u p t i o n  of  nervous processes  
a t  a l l  l e v e l s  i nc lud ing  c o r t i c a l  and p e r i p h e r a l  nerve  endings s i n c e  Becker, 
e t  e l . ,  have sugges ted  t h a t  t h e  DC p o t e n t i a l  g r a d i e n t s  a r e  a l s o  inf luenced  by 
p e r i p h e r a l  nervous p rocesses .  

Cathodal p o l a r i z a t i o n  of t h e  c o r t e x  seems t o  impair  t h e  formation of 
tempora 1 c o r t  i c a  1 connect  ions whereas anode 1 p o l a r  i za  t ion is known t o  enhance 
temporal connec t ions  (Rusinov, 1965, 1965) and a l s o  t o  enhance t h e  r e t e n t i o n  
of s t imu lus  p a t t e r n s  (Morrel ,  1961). However, i t  should be noted t h a t  expe r i -  
ments w i th  anodal  p o l a r i z a t i o n  a r e  u s u a l l y  performed w i t h  implanted i n t r a -  
c r a n i a l  e l e c t r o d e s  whereas i n  o u r  s tudy  t h e  p o l a r i z i n g  c u r r e n t  is sp read ing  
t o  t h e  c e n t r a l  nervous system through o p t i c a l  t r a c t s  and s o f t  t issues.  From 
our  r e s u l t s ,  it appears  t h a t  t h e  e f f e c t s  of  ca thoda l  p o l a r i z a t i o n  a r e  t h e  
suppress ion  o f  motor CRs.  Whether t h i s  i n t e r f e r e n c e  w i t h  t h e  formation of  
c l a s s i c a l  motor C R s  is r e l a t e d  t o  o t h e r  p rocesses  each as "amnesia" produced 
by e l e c t r o c o n o u l s i v e  therapy  (Duncan, 194'8; 'Chorover and S c h i l l e r ,  1965) ; 
i n t e r a c t i o n  w i t h  a "consol ida t ion"  process  a t  t h e  neuronal  level (Hebb, 1949); 
o r  by sp read ing  depres s ion  and i n h i b i t i o n  o f  c o r t i c a l  p rocesses  (Bures and 
Buresova, 1963) remains t o  b e  shown. 
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Unconditional Stimulus YI 

Figure 1: I l l u s t r a t e s  placement of implanted wire e lec t rodes  i n  the i n f r a -  
o r b i t a l  region bp (see curved arrow). 
were passed subcutaneously t o  the neck f o r  chronic use .  
e lec t rode  waa placed on the hindleg. 
iration) w e r e  recorded from ches t  e lec t rodes .  
(US) was given through two e lec t rodes  about 1 t o  1% inches apa r t .  

The t e f lon  coated s t a i n l e s s - s t e e l  wires 

Physiological  parameters (EKG and resp-  
The i n d i f f e r e n t  

The shock t o  the  l e f t  f o r e l e g  
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Diagram 1:  Constant DC t r a n s i s t o r i z e d  s t imula t ion  u n i t .  
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TONE 256 TONE 512 
Russ . . .  . .  

4 

0 

Figure 2:  Changes i n  motor CRs i n  5 normal cont ro l  dogs. Abscissa 
ind ica tes  order of t r i a l s  from 1 t o  100. 
motor CR. Left  s ide  of the f igure  represents  motor CRs t o  the reinforced 
tone (T256). 
(T512). A l l  normal dogs shuwed s t rong  ($4) motor conditioning. Dots on 
top o f  t rac ing  ind ica te  the number o f  t r i a l s  per experimental session.  

Ordinate ind ica tes  s t rength  of the  

Right s i d e  represents  motor CRS during the non-reinforced tone 
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TQNE 256 
Proton . .  TONE 512 

A 

. .  Tres . 

Figure 3: Changes in  motor C l b  in  the polarized dogs (1 to 2 ma. negative 
DC). Abscissa and ordinate as i n  Figure 2 .  See text for explanation. 



138 

300 Tone 256 
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Tone 512 
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Motor Cr Strength 

Figure 4: Histogram of motor CRs i n  the normel control and polarized 
groups during tonee 256 and 512 cps.  
motor C h  and ordinate number of responses i n  a group of 5 dogs i n  each 
instance . 

Abscissa indicate8 the strength of 
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TONE 512 
. .  

TONE 256 
. W o w  I . .  . .  

4 4 z 1 -  A A  

0 ,  A 

. Jef f .  . I . . . . .  . , . . . . . . . . 
4 
01- 4 3  A& 

. .  . .  . .  . .  - * .  Esakt 

; a  .m I_ * A  

Figure 5 :  Changes i n  motor CRS i n  the surg ica l  non-polarized contro l  
group. Abscissa and ordinate a s  i n  Figure 2 .  See text for explanation.  
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Figure 6:  Changes i n  motor CRs i n  normal, surgica l  and polarized groups. 
Sum of motor CRs i n  f i v e  dogs were included i n  each tracing. 
explanation. 

See text for 
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CONCLUSIONS AND SUMMARY 

Psychocardiovascular  r e a c t i o n s  under terrestr ia l  l abora to ry  c o n d i t i o n s  
can be brought  under s t i m u l u s  c o n t r o l .  Methods and techniques f o r  o b t a i n i n g  
q u a n t i r a t i v e  d a t a  were d i scussed  i n  d e t a i l .  
deve lopnents ,  i n  t he  t e c h n i c a l  a s p e c t s ,  w e r e  t h e  a n a l y s i s  of h e a r t  rate d a t a  
i n  bea t - to -bea t  f o r  measuring s h o r t  d u r a t i o n  psychocardiovascular  responses  
and a h e a r t - r a t e  cumulat ive method f o r  measuring long term h e a r t - r a t e  changes,  
Blood p r e s s u r e  techniques  f o r  chronic  measurement of a b s o l u t e  blood p r e s s u r e  
w e r e  a l s o  d iscussed .  
a o r t i c  blood f low (e l ec t romagne t i c ) ,  i n t r a v e n t r i c u l a r  p r e s s u r e s ,  i n f e r i o r  vena 
cava flow and r e n a l  blood f low w e r e  s tud ied .  
psychocard iovascular  responses  w e r e  found. 

Among the  most promising 

Seve ra l  c a r d i a c  and hemodynamic f u n c t i o n s  i n c l u d i n g  

Seve ra l  p a t t e r n s  and types of 

Seve ra l  p o s s i b l e  models f o r  t he  s tudy  of ce r t a in  psychocardiovascular  
r e a c t i o n s  were presented .  For  example , t h e  r e a c t i o n  t o  novel  s t i m u l a t i o n  
(among which we igh t l e s sness  o r  t h e  exposure t o  t h e  "psychophysiological  
s ensa t ion"  of we igh t l e s sness  could  be inc luded)  and the  mechanisms mediat ing 
i t  were p re sen ted .  
the autonomic nervous system and t h a t  i t  r ep resen ted  a form of p r i m i t i v e  
adap t ive  response i n  t h e  form of ca rd iac  i n h i b i t i o n ,  b u t  l a t e r  t h i s  response 
can be modified by r epea ted  exposure t o  the  new s i t u a t i o n s .  S i m i l a r l y ,  
p a i n f u l  s t i m u l a t i o n ,  e l i c i t i n g  psychocardiovascular  responses  can be condi t ioned  
and i t  produced t r a n s i e n t ,  b u t  measurable c o n d i t i o n a l  changes i n  ca rd iovascu la r  
func t ions  w i t h  l a t e n c i e s  of t he  response va ry ing  from 1 t o  5 c a r d i a c  c y c l e s .  
The response p a t t e r n s  t o  p a i n f u l  and t o  e l ec t r i ca l  s t i m u l a t i o n  of the  b r a i n  
were s t r i n k i n g l y  s i m i l a r  i n  pr imates  and dogs. 

The novel -s t imula t ion  response was found t o  be mediated by 

The phys io logica  1 mechanisms mediat ing psychocardiovascular  responses  
were explored  by s u r g i c a l  removal of p e r i p h e r a l  autonomic nerves  (vagus,  
sympathe t ic )  and by pharmacological blockade of parasympathet ic  and ad rene rg ic  
mechanisms. It was found t h a t  psychocardiovascular  r e a c t i o n s  depended on t h e  
i n t e g r i t y  of t hese  pathways. Fo r  example i t  was found t h a t  t he  bradycardia  
observed du r ing  novel  a u d i t o r y  s t i m u l a t i o n  could  s t i l l  be p r e s e n t  i n  dogs 
i n  which the  cervical  vago-sympathetic t runk  have been c u t  b i l a t e r a l l y .  
f a c t  i n d i c a t e s  t h a t  t h e  i n h i b i t o r y  e f f e c t s  of novel  s t i m u l a t i o n  can be mediated 
by the  sympathet ic  nervous system. Other c o n t r i b u t i n g  f a c t o r s  such as  r e s p i i a t i o n  
and musculoske le ta l  i n h i b i t i o n  played a l s o  a r o l e  i n  t h e  mediation of t h i s  
bradycard ia  response ,  b u t  t h i s  is n o t  t he  only  mechanism because bradycard ia  
w a s  observed i n  dogs para lyzed  w i t h  succ iny lcho l ine  and v e n t i l a t e d  a r t i f i c i a l l y  
The i n a b i l i t y  t o  o b t a i n  psychocardiovascular  responses  a f t e r  "denervation" 
shows t h a t  t hese  responses  a re  mediated nzaily by the  autonomic nervous system. 

This 

The phys io log ica l  e f f e c t s  of s o c i a l  i n t e r a c t i o n s  between a person and a 
pr imate  w e r e  a l s o  s tud ied .  
responses  mediated by the  sympathet ic  nervous s y s  tern. These f i n d i n g s  sugges t  
t h a t  handl ing  of  the  pr imates  by f u t u r e  s c i e n t i s t  a s t r o n a u t s  i n  the  f u t p r e  
o r b i t a l  and space  b i o l o g i c a l  l a b o r a t o r i e s  could be used as ano the r  simple 
test of t he  i n t e g r i t y  of psychocardiovascular  responses  i n  animals  under 
c o n d i t i o n s  of prolonged we igh t l e s sness .  

They were among the  most s t r i k i n g  psychocardiovascular  

The cen t r a l  mechanisms mediat ing psychocardiovascular  r e a c t i o n s  were 
explored  i n  experiments  where the  hypothalamus and o t h e r  i n t r a c r a n e a l  a r e a s  
were e l e c t r i c a l l y  s t imu la t ed .  Se l f - s t imu la t ion  from these  a r e a s  was obta ined  
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i n  dogs and monkeys. 
i n  h e a r t  rate and blood pressure .  
i n t r ac ranead  s t i m u l a t i o n  can be u s e f u l  i n  e l u c i d a t i n g  t h e  e f f e c t s  of 
weight lessness  on c i r c u l a t i o n  and behavior.  
by uncondi t iona l  s t i m u l a t i o n  of the s e p t a l  o r  p o s t e r i o r  hypothalamic a r e a s  
w i l l  d e f i n e  the  e f f e c t s  of we igh t l e s sness  on the  d i f f e r e n t i a l  e f f e c t s  of 
s u b c o r t i c a l  s t imu la t ion .  For example, s e p t a l  s t i m u l a t i o n  can produce 
s lowing of t he  h e a r t  ra te  whereas hypothalamic s t i m u l a t i o n  can produce 
a c c e l e r a t i o n ,  t h e r e f o r e ,  i t  w i l l  be p o s s i b l e  t o  determine i f  we igh t l e s sness  
have any e f f e c t s  on these  responses .  

Se l f - s t imu la t ion  w a s  accompanied by pronounced changes 
These ca rd iovascu la r  changes du r ing  

The response p a t t e r n s  prbduced 

The c e n t r a l  nervous system c o n t r o l  of c e r t a i n  ca rd iovascu la r  and 
e l ec t roca rd iog raph ic  i r r e g u l a r i t i e s  w a s  e s t a b l i s h e d  by means of ca rd iovascu la r  
condi t ion ing .  
a c o n d i t i o n a l  s t i m u l u s  w i t h  e l e c t r i c a l  s t i m u l a t i o n  of the  hypothalamus. The 
poss ib l e  i n t e r p r e t a t i o n  t h a t  p e r i p h e r a l  feedbacks may have been r e spons ib l e  
f o r  these  c o n d i t i o n a l  ca rd iovascu la r  i r r e g u l a r i t i e s  was n o t  supported by 
experimental  da t a  because i t  was found t h a t  p e r i p h e r a l l y  induced c a r d i a c  
i r r e g u l a r i t i e s  could  n o t  be condi t ioned .  

A c o n d i t i o n a l  e lec t rocard iogram was produced by r e i n f o r c i n g  

The e f f e c t s  of v e s t i b u l a r  s t i m u l a t i o n  on ca rd iovascu la r  func t ions  were 
found t o  be i n c o n s i s t e n t .  It i s  p o s s i b l e  t h a t  du r ing  f u t u r e  o r b i t a l  f l i g h t s  

J un t rea t ed  pr imates  could  develop v e r t i g o  and undes i rab le  v e s t i b u l o - v i s c e r a l  
r e a c t i o n s  which could be a t t r i b u t e d  t o  prolong we igh t l e s sness  and o r b i t a l  
and v e h i c u l a r  o r i e n t a t i o n  d i s tu rbances .  It was a l s o  found t h a t  r e s t r a i n e d  

1 primates  t o l e r a t e d  w e l l  v e s t i b u l a r  s t i m u l a t i o n .  

Great a t t e n t i o n  w a s  given t o  the  s tudy  of s i n u s  arrhythmia because i t  i s  
expected t h a t  dur ing  prolonged o r b i t a l  o r  i n t e r p l a n e t a r y  t rave l  the vaga l  
i n h i b i t o r y  in f luences  on the  h e a r t  w i l l  i n c r e a s e ,  t h e r e f o r e ,  enhaning o r  
f a c i l i t a t i n g  the appearance of s i n u s  arrhythmia.  I n  a number of s t u d i e s  
i t  was found t h a t  t h i s  type of arrhythmia i s  not  e n t i r e l y  dependent on vagus 
tone because s i n u s  arrhythmia was observed i n  b i l a t e r a l l y  vagotomized dogs. 
Also s i n u s  arrhythmia occurred independent of r e s p i r a t i o n  because i t  was 
observed du r ing  pant ing .  Various p a t t e r n s  of s i n u s  arrhythmia and 
accompanying hemodynamic changes were s tud ied .  

Techniques f o r  c o l l e c t i n g  u r ine  and f o r  measuring r e n a l  blood f l o w  
were developed. These techniques can be use fu l  i n  e l u c i d a t i n g  the e f f e c t s  
of we igh t l e s sness  on r e n a l  func t ions .  

The problem of i n h i b i t i o n  of psychocardiovascular  r e a c t i o n s  was 
i n v e s t i g a t e d  i n  v a r i o u s  experiments and spec ie s .  I t  was found t h a t  e l e c t r i c a l l y  
induced i n h i b i t i o n  w i t h  ca thoda l  e l e c t r i c a l  s t i m u l a t i o n  produced a diminut ion 
of motor c o n d i t i o n a l  r e f l e x e s .  Also the  e s t ab l i shmen t  of i n h i b i t i o n  a s  an 
a c t i v a t e d  process  was observed du r ing  c l a s s i c a l  condi t ion ing .  The problem of 
i n h i b i t i o n  is  an important  area f o r  f u t u r e  i n v e s t i g a t i o n  because i t  could 
be u s e f u l  i n  c o n t r o l l i n g  c e r t a i n  psychogenic tachycard ias  o r  behaviora l  
overexci tement .  

The area of c l a s s i c a l  and operant  c o n t r o l  of ca rd iovascu la r  f u n c t i o n s  
was explored  and i t  was found t h a t  t hese  techniques may pilove use fu l  i n  
e l u c i d a t i n g  the  e f f e c t s  of we igh t l e s sness  on psychocardiovascular  r e a c t i o n s .  
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The opcrant  c o n t r o l  of ca rd iovascu la r  func t ions  i s  an  area of cons ide rab le  
importance. By means of ope ran t  c o n d i t i o n i n g  undes i r ab le  psychocardiovascular  
r e a c t i o n s  could  be brought  under s t i m u l u s  c o n t r o l  through au togenic  
nianipulation of visceral  func t ions .  F u r t h e r  i n v e s t i g a t i o n s  i n  t h i s  area w i l l  
be r equ i r ed  t o  determine i t s  p o s s i b l e  therapeut ic .  a p p l i c a t i o n ,  

The p r a c t i c a l  u s e  of some of t hese  models and techniques w i l l  depend, 
i n  the f i n a l  a n a l y s i s ,  on whether  w e  are r e a l l y  corcerned  about  t h e  n e u r a l  
c o n t r o l  of c i r c u l a t i o n  du r ing  we igh t l e s sness  o r  on whether pa tho log ica l  
r e a c t i o n s  w i l l  appear  i n  f u t u r e  manned space f l i g h t s .  Although t h e  
s c i e n t i f i c  i n q u i r y  o r  t h e o r i z i n g  may n o t  be of paramount biomedical  
o r  pa tho log ica l  s i g n i f i c a n c e  the  f a c t  remains t h a t  t h i s  b a s i c  knowledge 
could be u s e f u l  i n  the  e x p l o r a t i o n  and conquest of space.  
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